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INTRODUCTION AND LITERATURE REVIEW 
All living organisms possess some degree of plasticity in adapting 
to external environmental circumstances. By adjustments in behavior and 
metabolism, animals make an effort to preserve a constant internal 
environment, namely body temperature and blood composition. This 
adaptation was first given the name of homeostasis by Cannon (1929). He 
defined it simply as the tendency of an organism to restore their 
physiologic equilibria when pushed off them. The Greek derivation of 
homeostasis is "uniform-state". In his influential book, Bioenergetics 
and Growth. Brody (1945) illustrated that the principle of homeostasis 
was also applicable to growth and development of animals, regardless of 
the species. He showed that during the last stages of development an 
animal grows as if its normal mature body size relative to its age is 
its primary goal, and that the rate of growth is proportional to the 
growth needed to reach mature body size. Therefore, when growth is 
retarded during a period of undernutrition, many animals exhibit a 
greater rate of growth than well-fed animals of the same chronological 
age when the nutrition is back to adequacy. 
Waddington (1957) expanded on the principles of homeostasis to 
growth and development. He used the term "homeorhesis" for the tendency 
of growing organisms to return to their paths of growth after deviating 
from them. The Greek derivation of homeorhesis is "uniform-flow". 
Homeorhesis was later given a more descriptive definition by Bauman et 
al. (1982). They emphasized that homeorhetic control mechanisms direct 
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a flux of nutrients to tissues that are involved in growth, and to 
coordinate metabolism to insure a uniform flow of nutrients in support 
of a physiological state. Homeorhetic mechanisms, then, are actively 
involved in the maintenance of the animal's genetic program for growth 
and development, and may be an appropriate basis for the phenomenon 
illustrated by Brody (1945) that animals can exhibit rapid growth after 
a period of undernutrition. Animal scientists commonly call this growth 
phenomenon "compensatory growth". 
Historical View of Compensatory Growth 
As early as the eighteenth century, it was observed that children 
have the capacity to grow faster than usual when they are recovering 
from malnutrition or some other growth-suppressing disorder (Tanner, 
1979). Tanner (1981) commented that during the eighteenth and 
nineteenth centuries, compensatory growth was confused with the 
adolescent growth spurt. This confusion gave rise to two philosophies 
of growth and development; one the mirror-image of the other. The first 
was that for good adolescent growth spurt to occur a child had to have 
been "properly" ill before. This philosophy was probably the basis of 
an old German proverb "Die krankheit habe ihn ausgerecht" (literally 
"The illness stretched him out"). The second philosophy was that the 
occurrence of a growth spurt indicated recovery from illness, or, if no 
illness had been apparent, then at least from a previously growth-
suppressive effect like malnutrition. 
Tanner (1979) commented that in the eighteen century, philosophies 
on growth were under the predominant influence of the iatrophysical 
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school, which took on the perspective of the mathematical and mechanical 
methods of Galileo, Borelli, and Sanctorius. Growth was thought to be 
due to the hydraulic pressure of the blood against the insufficiently 
resisting tissues; gradually the tissues became more resistant as they 
dried out and when they became resistant enough, growth stopped. In 
fevers, the blood was hotter and circulated faster: therefore, 
iathrophysicists had theoretical reasons why a child would grow faster 
immediately after illness. However, this theory was never 
satisfactorily substantiated experimentally. 
In the nineteenth century, Adolphe Quetelet (1796-1874), one of 
the founders of statistics and the first person to make a cross-
sectional survey of children's growth, still thought the adolescent 
growth spurt in humans was due to illness (Tanner, 1981). It was not 
until our own century that anyone had experimentally produced the 
compensatory growth phenomenon. Osborne and Mendel (1915) were the 
first to publish the observation of this phenomenon with albino rats fed 
protein deficient diets and later fed more adequate diets. They wrote 
"Growth, in the cases referred to, is resumed at a rate normal for the 
size of the animal at the time. It need not be slow, and frequently it 
actually exceeds the usual progress." Brody (1945) was the next to 
illustrate the phenomenon of compensatory growth following a period of 
malnutrition in the context of homeostasis, as discussed earlier. 
During the 1950s, research activity on this growth phenomenon 
split into two groups, each developed their own terminology: one group 
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of authors dealt with growth in humans, and the other group with growth 
in farm animals. 
In 1954, Bauer published a paper on the growth of children with 
nephrotic syndrome, in which he monitored mean heights for age before 
and during the disease, and during their subsequent recovery. He found 
that growth, as defined by change in height, not only returned to normal 
after recovery, but was even accelerated. He referred to this as the 
aufholphase of growth (aufholen: to catch up with, to overhaul). Using 
clinical situations, in which growth was retarded by nutritional, 
endocrine, or metabolic insults, Prader et al. (1963) gave examples of 
the same kind of growth described by Bauer (1954) and called it "catch­
up growth". Hence, researchers working with human growth have used the 
term "catch-up growth" exclusively in reference to changes in body 
height after a period of illness. 
During the same time period, Bohman (1955) observed the phenomenon 
of abnormally rapid growth rate relative to age after a period of 
retarded growth in beef cattle and introduced the term "compensatory 
growth". Shortly thereafter, Wilson and Osbourn (1960) published an 
excellent review of research on compensatory growth in mammals and 
birds. In contrast to researchers studying catch-up growth in humans, 
researchers dealing with animals used the term "compensatory growth" to 
refer to the acceleration of growth occurring when a period of 
undernutrition was followed by a period of adequate nutrition rather 
than in reference to recovery from illness. In addition, animal 
researchers expressed compensatory growth in relation to changes in 
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weight, rather than changes in length. Those who prefer the term 
"catch-up growth" object to the use of the term "compensatory growth" 
simply because it was a term already pre-empted by Zoologists to refer 
to the excess growth of the remaining member of a pair of organs (e.g., 
kidneys, testes, etc.) when one of the pair was removed (Tanner, 1981). 
Regardless of the terminology used, one must be aware of the context in 
which the terminology is used. 
What is Compensatory Growth? 
Since Bohman (1955) introduced the term "compensatory growth", 
many researchers working with various animal species have accepted the 
following general definition: Compensatory growth is a faster than 
normal rate of growth after a period of nutritional or environmental 
stress. This increased rate of growth in animals previously restricted 
often allows them to attain the same body weights as non-restricted 
animals; thus, the term "catch-up growth" is a frequent synonym of 
compensatory growth. 
This general definition allows for a very liberal use of the term 
"compensatory growth" to describe a variety of growth responses 
following any form of body weight gain restriction. In pursuit of a 
more descriptive definition of the compensatory growth phenomenon, 
several experiments were conducted to ascertain the composition of 
compensatory gain and the results were conflicting. First, Pomeroy 
(1955) and Meyer and Clawson (1964) suggested that compensatory growth 
was partly due to a replacement of fat in adipose tissues which had been 
depleted during the restriction period. Second, Wilson and Osbourn 
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(1960) suggested that compensatory growth was a result of a disturbance 
in the normal relationship between chronological age and physiological 
age. When the growth of an animal was retarded by a nutritional or 
environmental stress, physiological age proceeded at a slower rate than 
chronological age; but when the animal was realimentated, it grew at a 
rate appropriate for its physiological age rather than for its 
chronological age. Finally, some researchers have shown that there is 
an acceleration of protein deposition and water accumulation after 
realimentation as compared to normal continuous growth (Reid et al., 
1968; Keenan and McManus, 1969; Butterfield, 1966; Drew and Reid, 
1975a). Maynard (1947) made a distinction between what he termed as 
"true growth" and fat deposition in an animal. He characterized true 
growth by an increase in mass of protein, minerals, and water; but not 
by an increase in fat. The consideration of compensatory growth in 
terms of true growth is most appropriate for exploitation in the 
production of animal meat because the efficient production of a high 
quality protein source for human consumption is the ultimate goal for 
animal scientists. 
Occurrence of Compensatory Growth in Mammals and Birds 
In their review on compensatory growth in mammals and birds, 
Wilson and Osbourn (1960) cited many references indicating that birth or 
hatching weights of mammals and birds do not correlate either with 
mature weight or postnatal growth. They noted that enhanced postnatal 
growth rate of many animals, which were small at birth or hatching, 
could be considered as a basic example of compensatory growth. Using 
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this example then, it could be deduced that most animals have an innate 
ability to exhibit compensatory growth. This deduction may indeed be 
factual because there are several citations in the literature that many 
species will exhibit compensatory growth under the appropriate 
conditions (Table 1). 
Practical Implications of Compensatory Growth 
The occurrence of compensatory growth is of great interest to 
nutritionists in regard to growth and development, feed utilization and 
carcass composition of domestic animals. Research in this area has 
generated a variety of opinions about the potential of exploiting 
compensatory growth as a tool for profitable meat production. The 
cattle and sheep industries commonly take advantage of compensatory 
growth in areas where a consistent supply of high quality forage is not 
available. Most of the world's cattle, sheep and goat populations 
depend exclusively on grasslands. These grazing animals may encounter 
periods of undernutrition at some time in the year because of 
qualitative or quantitative deficiencies of diet due to drought or some 
other climatic factor (Allden, 1970). Consequently, exploitation of 
compensatory growth after a period of feed deprivation is essential, if 
not unavoidable. Therefore, a knowledge of the effects of 
undernutrition on these animals becomes of economic importance during 
times of feed shortage. 
Although the exploitation of compensatory growth has become a 
practical commercial practice for grazing animals, its advantage is not 
as well recognized for monogastric animals, especially poultry. The 
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Table 1. Reports of compensatory growth after various methods of 
growth restriction in different species 
Species Method of growth restriction Researchers 
Rats Feed intake; protein 
Protein 
Energy and mineral 
Feed intake 
Feed intake 
Osborne and Mendel, 1915 
Jackson, 1936 
Clarke and Smith, 1938 
Meyer and Clawson, 1964 
Ferrell and Koong, 1986 
Sheep Feed intake 
Feed intake 
Feed intake 
Caloric intake 
Meyer and Clawson, 1964 
Drew and Reid, 1975a,b,c 
Thornton et al., 1979 
Thomson et al., 1982 
Cattle Poor quality hay 
Feed intake 
Alpine pasture 
Caloric intake 
Bohman, 1955 
Winchester and Howe, 1955 
Lortscher et al., 1975 
Thomson et al., 1982 
Chickens Energy 
Protein 
Feed intake 
Protein 
Feed intake 
Feed intake 
Deaton et al., 1973 
Marks, 1979a 
Brody et al., 1980 
Pesti, 1984 
Plavnik and Hurwitz, 1985 
Plavnik et al., 1986 
Quail Protein Marks, 1978a 
Turkeys Protein 
Protein 
Protein 
Protein 
Auckland et al., 1969 
Auckland and Morris, 1971a,b 
Johnson and Sell, 1976 
Moran, 1981 
Pigs Protei n 
Protein 
Protein 
Robinson, 1964 
Wyllie et al., 1969 
Zimmerman and Khagarern, 
1973 
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most influential factor in feeding these animals is not qualitative or 
quantitative limitations of feedstuffs, but rather their cost. If feed 
ingredient costs are high, then any feeding program that improves feed 
efficiency would have a significant economical benefit. Several 
researchers have observed a significant improvement in feed efficiency 
associated with the compensatory growth phenomenon in poultry (Auckland 
et al., 1969; Johnson and Sell, 1976; Pesti, 1984). 
Based on the apparent improvement in feed efficiency alone, 
compensatory growth in poultry has received considerable interest from 
an economical point of view. However, improvements in feed efficiency 
may not be the only advantage seen with the compensatory growth 
phenomenon. Dietary protein is typically the most expensive nutrient in 
the diet; therefore, any improvement in protein utilization would 
translate into a significant economic benefit. Auckland (1972) 
emphasized that protein levels in commercial turkey diets have been 
determined by feeding graded levels of protein and choosing near to the 
minimum level that allowed maximum growth. The amount of protein fed to 
these animals is not necessarily excessive from a practical perspective, 
but because of the diminishing growth response to increasing dietary 
protein intake, a considerable amount of protein is saved while growth 
is only depressed a little by feeding diets with lower protein content. 
Such small growth depressions can be offset by compensatory growth at a 
later age, provided adequate realimentation conditions prevail (Auckland 
et al., 1969; Auckland and Morris, 1971a,b; Johnson and Sell, 1976; 
Moran, 1981). 
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Factors that Influence an Animal's Ability 
to Exhibit Compenwatory Growth 
An animal's growth can be retarded by a number of different 
circumstances, such as disease, environmental stress, or nutritional 
restrictions. In many instances, the ability to recover from a period 
of growth retardation depends upon the way growth restriction was 
induced. The rest of this review will focus on the effects of 
undernutrition because it is the most controllable method of growth 
restriction, and because it is of primary concern to animal 
nutritionists. 
Wilson and Osbourn (1960) named five factors that govern an 
animal's ability to recover from the effects of undernutrition: 
1. The nature of undernutrition 
2. The severity and duration of undernutrition 
3. The relative rate of maturity of the species 
4. The quality of the realimentation diet 
5. The stage of development at the onset of 
undernutrition 
These five factors act together to govern the degree of compensatory 
growth and type of growth in terms of changes in the confirmation and 
composition of the animal. 
The nature of undernutrition 
Growth can be retarded by protein undernutrition or by energy 
undernutrition. This can be accomplished by dietary manipulation 
(proportional changes of ingredients in the diet), or by limiting feed 
11 
consumption. The nature of these forms of undernutrition have a marked 
effect on the extent of growth restriction, the tissues involved, and 
the ability of an animal to recover from the growth deficit. 
In their comprehensive reviews on compensatory growth in animals 
both Wilson and Osbourn (1960) and Allden (1970) placed an emphasis on 
energy undernutrition because they assumed growth in the normal animal 
was closely related to the amount of useful energy consumed. Blaxter 
(1956) suggested that shortages of dietary energy were usually more 
important causes of low productivity in farm livestock than deficiencies 
of vitamins, minerals and proteins. Furthermore, Blaxter (1962) 
illustrated that specific nutrients were required in amounts 
proportional to the energy metabolized. Therefore, the assumption that 
these authors made was that a variation in the level of nutrition is 
essentially analogous to a variation in energy intake, and that 
compensatory growth is a response reflecting a change in energy 
metabolism. 
In general, dietary protein together with minerals provide the 
building materials necessary for growth, whereas dietary energy provides 
the fuel to assemble these building materials. When dietary protein is 
limited relative to requirement, energy that is in excess of that needed 
to support structural development is deposited as fat. Upon 
realimentation then is a marked improvement in feed efficiency. 
Increased body weight gain, and a return to normal carcass fat content. 
This response was clearly demonstrated by Auckland and Morris (1971b) in 
an experiment with turkeys. It seems feasible to deduce that the energy 
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stored during early protein undernutrition is used to support subsequent 
compensatory growth when dietary protein is returned to adequacy; 
however, this deduction has not been proven experimentally. When 
dietary energy is limited relative to requirement, protein that is in 
excess of that needed for structural development, which is in turn 
dependent upon energy to fuel the anabolic processes, is catabolized and 
used as an energy source. In addition, energy deposited as fat is 
minimized, and basal metabolic rate decreases to maximize caloric 
efficiency. Several authors reported a reduction in basal metabolic 
rate, maintenance energy requirement, or fasting heat production during 
and for some time after a period of energy undernutrition (Koong et al., 
1982; Harris et al., 1984; Ferrell and Koong, 1985). Upon 
realimentation, there is increased rate of body weight gain, but it is 
often in the form of body fat (Deaton et al., 1973; Drew and Reid, 
1975a,b). 
Animals are more likely to exhibit a good compensatory growth 
response after energy undernutrition than after protein undernutrition; 
however, nobody has conducted an experiment that adequately compares 
these two forms of undernutrition in relation to compensatory growth. 
Wilson and Osbourn (1960) suggested that severe protein restriction may 
have a more harmful effect on an animal than very severe energy 
restriction, and thus protein-restricted animals would be less likely to 
recover weight loss upon realimentation. They speculated that there is 
little reserve protein in animals and, consequently, active tissues 
could be depleted and irreparably damaged. Therefore, the severity of 
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undernutrition is also an important factor to consider with respect to 
an animals ability to exhibit compensatory growth. 
The severity and duration of undernutrition 
After the examination of the literature on the effects of severity 
and duration of undernutrition, Wilson and Osbourn (1960) wrote: 
"animals are able to make complete recovery from short periods of mild 
restriction, but this recuperative capacity diminishes as either or both 
the severity or duration of undernutrition increases". This conclusion 
is still valid today as one reviews the subsequent literature on this 
topic with turkeys (Johnson and Sell, 1976; Auckland et al., 1969; 
Auckland and Morris, 1971a), broiler chickens (Washburn and Bondari, 
1978; Pokniak and Cornejo, 1982) and rats (Meyer and Clawson, 1964; 
McCance, 1975). 
Although Wilson and Osbourn's conclusion about severity of 
undernutrition and subsequent compensatory growth may be applicable in a 
general sense, there is experimental evidence that support the 
contention that the more severe the restriction, the greater is the 
initial rate of gain immediately after realimentation begins. This 
phenomenon was first observed by Clarke and Smith (1938). They retarded 
growth by imposing a restriction of the calorie and mineral intakes by 
50% for 3 weeks and found the rate of gain in the realimentated rats to 
be so fast that by 9 weeks their weights exceeded those of the controls. 
They termed this phenomenon "over-compensation". These results were 
later confirmed by Quimby (1948). Both of these experiments evaluated 
compensatory growth on the basis of weight alone. 
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Other researchers have shown that this over-compensation following 
severe undernutrition may be partly due to increased gut weight, or 
higher fat content of the body. Brody et al. (1980) moderately and 
severely restricted feed consumption of female broilers from hatch until 
22 weeks of age. During the following 9 weeks, the severely restricted 
birds consumed more feed and gained more weight than the moderately 
restricted birds and control birds; but, they also had larger abdominal 
fat pads. Pokniak and Cornejo (1982) limited feed intake of broiler 
males to 85%, 70%, and 55% of controls from 8 to 23 days of age and then 
fed them ad libitum to 56 days of age. The rate of body weight gain 
during realimentation increased as the severity of previous 
undernutrition increased; however, a large part of this gain was due to 
an increase in gut weight and carcass fat. 
The relative rate of maturity of the species 
There is very little information that specifically evaluates the 
effect of the relative rate of maturity on compensatory growth; however, 
from a general appraisal of the literature, one could conclued that 
slower maturing animals are more capable of recovering from earlier 
undernutrition than faster maturing animals. For example, if one 
considers the extreme difference in rates of maturity between cattle and 
rats, one could logically conclude that cattle would be more able to 
recover from a specific period and degree of undernutrition than rats in 
an absolute sense. In consideration of strain differences within 
species, however, this hypothesis is less consistent. Winchester and 
Howe (1955) restricted cattle having the same initial weights with equal 
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severity and duration. The rates of maturity of these animals were 
revealed by the growth rates of their control twins, which were 0.7 and 
1.0 kg/day, respectively. The recovery index was 23% for the slower 
maturing animal and 12% for the faster maturing one. 
This relationship is not consistent within all species. Auckland 
(1972) presented data with turkeys that suggest the opposite is true: 
fast maturing strains are more able to compensate from early growth 
restriction than slower maturing strains. He compared one of the 
fastest-growing, largest late-maturing turkeys available at the time 
(B.U.T. Triple 6) with a much smaller early-maturing strain (River 
Rest). Both strains attained the same peak rate of gain relative to 
chronological age. When these birds were moderately undernourished from 
0 to 6 weeks of age, the small strain made compensatory gains during the 
6-to 22-week realimentation period, but the large strain did not. 
Auckland speculated that these strain differences were due to their 
unique growth patterns as they are related to compensatory growth. He 
demonstrated that irrespective of the duration of the undernutrition, 
compensatory gains did not begin until the stage at which growth rate of 
fully-fed turkeys was approaching a peak or beginning to decline. This 
stage of growth also apparently coincided with the onset of sexual 
maturity, which was between 10 and 14 weeks of age in the small strain, 
and between 18 and 20 weeks in the large strain. Auckland (1972) 
suggested that in strains which might continue to exhibit accelerated 
growth rates to a later age, compensatory gains may not begin until too 
late for recovery of body weight by normal market age. 
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The quality of the realimentation diet 
The quality of the realimentation diet has received little 
attention in the literature. In most studies, the realimentation diet 
was assumed to meet the requirement of normal animals. Few studies were 
conducted to establish the nutrient levels of the realimentation diet 
needed to achieve maximum growth. There is evidence that the quality of 
the realimentation diet may have a significant influence on an animal's 
ability to exhibit compensatory growth. In the same paper that 
introduced the term "compensatory growth", Bohman (1955) showed that the 
higher the plane of nutrition upon realimentation, the more rapid, and 
the greater the recovery in weight of cattle. Auckland and Morris 
(1971a) observed a similar response with turkeys. They found that by 
restricting dietary protein to 70% of that required for maximum growth 
from 0 to 6 weeks of age, the effective percentage dietary protein 
required from 6 to 10 weeks to allow maximum body weight at 20 weeks of 
age was higher than that needed by fully-fed birds. Much more research 
is required to fully understand the effect of the quality of 
realimentation diet on compensatory growth. 
The stage of development at the start of undernutrition 
The stage of development at which the undernutrition begins has a 
profound effect on the degree of compensatory growth, in terms of rate 
of weight gain, or the ability of an animal to fully recover from the 
growth restriction and achieve its intended mature body size. 
Compensatory growth is influenced by the normal growth pattern of an 
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animal: it is muted if it begins when normal growth is ordinarily 
decelerating (Williams et al., 1974; Williams and Hughes, 1975). In 
other words, if the undernutrition begins too late in the growth phase 
of an animal, then the degree of compensatory growth in terms of rate of 
weight gain would be less than if the undernutrition begins earlier. 
Beginning nutrient restriction early in the developmental stages 
of growth may elicit a greater degree of compensatory growth immediately 
after the restriction is removed, but the long term effects may be less 
desirable. Wilson and Osbourn (1960) cited several authors whose work 
illustrated that undernutrition in the earlier stages of growth is more 
detrimental to an animal than undernutrition at a later stage: the 
ability of early restricted animals to recover and reach normal mature 
size is consequently reduced. In an effort to understand this 
phenomenon, McCance (1976) formulated a hypothesis of critical periods 
of sensitivity to the effects of undernutrition. This hypothesis 
basically states that the ability to fully recover from undernutrition 
improves as the developmental age increases. A more descriptive 
definition will be presented later. 
Enesco and Leblond (1962) proposed a hyperplasia-hypertrophy model 
that complements McCance's hypothesis of critical periods of growth. 
Tissue growth proceeds in three distinct phases (Figure 1). Initially, 
component cells of the tissue proliferate (hyperplasia). Then the 
tissue enters a second phase, before cell division stops, in which the 
dividing cells begin to enlarge. In the third phase, the final adult 
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Developmental Age 
Figure 1. Phases of tissue growth as proposed by Enesco and Leblond 
(1962): A. Cellular proliferation; B. Cellular prolifera­
tion and enlargement; C. Cellular enlargement (Sands et a l .  
1979) 
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complement of cells is established, cell proliferation stops, and tissue 
growth occurs only by the enlargement of existing cells (hypertrophy). 
Enesco and Leblond (1962) proposed this model based on experiments 
with growing rats, measuring tissue DNA as an index of cell number and 
the ratio of DNA to tissue weight as an index of cell size. During the 
first 17 days postpartum, DNA content increased as the tissue mass 
increased, while the ratio of DNA to tissue weight remained constant. 
From 34 to 48 days, DNA content remained constant, while tissue weight 
increased steadily. In between these periods the authors observed a 
transition of hypertrophy to hyperplasia. Using mathematical analysis, 
Laird (1966) confirmed that this growth pattern was comparable with that 
of other mammals and birds. In response to Enesco and Leblond's (1962) 
work, Winick and Noble (1966) studied the effects of undernutrition at 
various ages in rats and presented evidence that the state of nutrition 
during the neonatal period influences cell proliferation, and 
consequently, determines the ultimate mature size of the animal and its 
organs. Food restriction during the first 21 days of life of rats 
resulted in an overall decrease in hyperplasia in most tissues, but cell 
size remained normal. Realimentation after 21 days did not restore 
normal organ growth, presumably because of a deficit of cells. The same 
phenomenon occurred when the rats were undernourished from 21 to 42 
days, except that the brain and lung were able to resume growth upon 
realimentation. When the rats were undernourished between 65 and 86 
days, the total cell number was not reduced, while cell size was reduced 
in almost all organs; however, upon realimentation all organs resumed 
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normal growth. In pigs, cell or muscle nuclei proliferation is also 
reduced during undernutrition and may have a lasting effect upon 
realimentation (Lodge et al., 1977; Sarkar et al., 1983). 
In essence, the critical period hypothesis maintains that 
mal nourishment of a tissue at a time concurrent with its phase of 
maximal cellular proliferation will irreversibly change the ultimate 
potential of that tissue by impairing hyperplasia. Undernutrition after 
the critical period restricts hypertrophy, but not hyperplasia. This 
process is reversed by realimentation. Because tissues mature at 
different rates, the long-term effects of undernutrition occur in those 
tissues that are at a critical developmental period during the time of 
undernutrition (Winick and Brasel, 1980). 
Although the critical period hypothesis is useful for 
understanding the periods of vulnerability to undernutrition, it is 
dependent upon the tri-phasic model of growth proposed by Enesco and 
Leblond (1962); however this model is not universally accepted. Sands 
et al. (1979) reported that many tissues in the rat increase in cell 
size during the early stages of development, and cell proliferation 
continues in many tissues as long as the tissue is growing. In late 
maturing breeds of cattle and rapidly growing animals, hyperplasia 
continues well beyond the early stages of development and, in animals 
that never completely stop growing, hyperplasia may never stop (Baldwin, 
1987, University of California, Davis, CA, personal communication). 
Wharton (1976) has also cautioned that the critical period hypothesis 
may be less applicable to undernutrition in postnatal life of many 
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animals than it is in fetal life, when the potential consequence of 
undernutrition is much greater. 
Mechanisms Involved in Compensatory Growth 
An animal may recover from a period of undernutrition and 
ultimately attain mature body size by (1) prolonging the growth period 
and (or) by (2) increasing the rate of weight gain upon realimentation. 
These two mechanisms of body weight recovery after a period of growth 
restriction are illustrated by the growth patterns in Figure 2. When 
the growth period is prolonged, normal growth resumes immediately upon 
realimentation. The growth curve exhibits a phase shift to the right, 
or a delay in growth by the duration of the restriction period, but the 
dynamics of the growth curve itself do not change. Body weight gain 
lost during the restriction period is recovered by prolonging the time 
to reach mature size. This situation appears to have physiological age 
and somatic growth out of phase with each other. In the second case, 
body weight gain exceeds normal weight gain immediately after the 
restriction is removed. As this accelerated weight gain gradually 
becomes normal, the weight gain lost during the restriction period is 
recovered within the normal chronological age period. In this case, 
physiological age and somatic growth are still in phase with each other, 
but the dynamics of the growth curve are altered to accommodate this 
compensation. Accelerated growth rate is the preferred response for 
efficient meat production; however, in most animals the compensatory 
growth response is a combination of a prolonged growth period and an 
accelerated growth rate upon realimentation. In all probability, the 
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Figure 2. Diagrammatic representation of growth of normal animals, 
and early growth of restricted animals: I. Restriction 
period; II. Realimentation period. A is a normal growth 
curve, B is accelerated growth upon realimentation, and 
C is delayed growth upon realimentation 
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growth curves associated with moderate undernutrition and realimentation 
lie somewhere within the shaded area illustrated in Figure 2. 
Prolongation of the growth period 
Several researchers have reported that animals that had been 
undernourished subsequently continue to grow well after the time that 
normal animals have attained their mature size (Osborne and Mendel, 
1915; Wilson and Osborne, 1960; Allden, 1970). Therefore, it is 
apparent that within wide limits the capacity to grow is not dependent 
upon chronological age, but on some other physiological factor. The 
fusion of the epiphyses of the bones of most animals is closely related 
to cessation of growth. Some experimental evidence suggests that 
undernutrition may delay the closure of the epiphyses in sheep, cattle, 
and pigs (Allden, 1970). In man, growth comes to a halt when 
calcification at the epiphyses of long bones occurs. This calcification 
is usually initiated by puberty, which is closely related to age. It is 
possible that if the period of undernutrition extends through puberty, 
the closure of the epiphyses would not permit the animal to grow to its 
potential mature size upon realimentation, regardless of the time 
allowance. 
Increased rate of body weight gain during realimentation 
Increased rate of body weight gain following a period of growth 
restriction is the most frequently documented observation associated 
with the compensatory growth phenomenon. Several mechanisms have been 
proposed to explain this phenomenon. 
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Gut content weight and tissue hydration In most experiments, 
compensatory growth is evaluated on the basis of body weight gain and 
feed conversion alone. It is possible that the improvements in these 
characteristics are partly due to an increase in gut content and/or 
higher tissue water content. McMeeken (1940) reported that 
realimentated pigs had the same eviscerated carcass weight gain as 
normal pigs; however, they had a higher rate of live weight gain, which 
was attributed to an increase in gut content. Keenan et al. (1970) 
found that realimentated sheep gained 2 kg more weight than controls; 
however, 90% of this gain was water and these authors suggested that the 
water increase was mostly in the gut. Similarly, Drew and Reid (1975c) 
showed that gut weight increased in realimentated sheep. These sheep 
also had very rapid tissue hydration immediately after refeeding, and 
much of the increased weight gain was due to body water accretion (Drew 
and Reid, 1975a,b). Although increased gut content and tissue hydration 
indeed exaggerate the rate of gain, many animals still exhibit a greater 
degree of growth during realimentation than normal, even when these 
factors are accounted for. 
Digestibility of nutrients Digestibility typically improves as 
the gross energy intake decreases. A decrease in digestibility occurs 
only at exceptionally high and low energy intakes (Quimby, 1948; Blaxter 
and Graham, 1955; Drew and Reid, 1975c). Blaxter et al. (1955) 
postulated that this change in digestibility was related to rate of 
passage through the gut. Shires et al. (1987) suggested that a slower 
rate of passage may increase the digestibility of dietary fiber by 
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allowing more time for microbial fermentation. Digestibility may also 
be improved by anatomical changes of the gut. When the plane of 
nutrition is lowered, intestinal villi hypertrophy and increase the 
digestive/absorptive surface area (Moran, 1982). 
The improved digestibility observed in animals on a low plane of 
nutrition can also extend into the following realimentation period. 
Quimby (1948) found this to be true for rats. With mature refed sheep, 
Burton (1970) found a significant increase in energy digestibility 
immediately after the restriction was removed, but this effect was 
short-lived. These conclusions may be misleading because the effect of 
realimentation on digestibility may be confounded by age. Digestibility 
and apparent metabolizable energy values of feedstuffs improve with age 
(Zelenka, 1968; March et al., 1973). Again, this age related 
improvement may be associated with rate of food passage. Hillerman et 
al. (1953) observed a slower rate of passage in chickens and turkeys at 
12 to 30 months of age than at 4 to 8 months of age. 
Some authors could not find a difference in digestibility during 
prolonged restriction and refeeding. Sheehy and Senior (1942) did 
extensive digestibility trials during restriction and realimentation 
periods. They found that the digestibility of hay in growing cattle was 
the same during both periods. Drew and Reid (1975c) compared sheep fed 
ad libitum with sheep fed 70% ad 1ibitum and found a highly significant 
increase in both digestibility and apparent metabolizable energy values 
at the lower level of feed consumption; however, neither digestibility 
nor the metabolizability of the diet was changed from normal during 
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realimentation, except digestible energy as a percentage of gross energy 
intake was significantly depressed immediately after refeeding. 
From these varying results, it must be concluded that any change 
in digestibility is directly influenced by the plane of nutrition and 
age. It cannot be concluded that an animal can digest food more 
efficiently upon realimentation than normal. 
Appetite Several authors have documented a significant increase 
in the appetite of animal during realimentation (Sheehy and Senior, 
1942; Winchester and Howe, 1955; Bohman, 1955 with cattle; Quimby, 1948; 
Harris et al., 1986 with rats; Brody et al., 1980 with chickens). Brody 
et al. (1980) restricted feed intake of broiler breeder hens from hatch. 
When these hens were changed to ad libitum feeding at 22 weeks of age, 
their feed consumption increased from 45 to 195 g/day during a single 
week, surpassing that of the ad libitum birds. Their feed consumption 
remained high during the period of compensatory growth, and then 
decreased to below ad libitum levels. Harris et al. (1986) reported 
similar results with rats. Mature female rats were fed at 40% of ad 
libitum for 21 days or until they lost 50 g of body weight. Upon 
realimentation, these rats became hyperphagic and regained body weight 
rapidly. Their overeating gradually declined to normal by the time 
there were no longer significant differences in body weights between the 
40%-fed and 100%-fed rats. These restricted rats had returned to 
control body weight without a net increase in food intake. 
Appetite or the level of food intake may contribute to the 
increased growth rate and improved feed conversion observed with the 
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compensatory growth phenomenon. Marks (1978b) reported that Japanese 
quail selected for heavy body weights had greater relative growth rate 
than unselected ones during the first week after hatching, but not 
later. Marks (1979b) found a similar phenomenon in broilers selected 
for heavy body weights. They also had a greater relative growth rate 
than unselected broilers during the first week after hatching, but the 
rate of gain was similar by the fourth week. By the eighth week the 
selected birds were twice as heavy as the unselected birds. Marks 
(1979b) concluded from these two experiments that feed intake, or 
appetite, had a strong influence on the growth rate--the selected birds 
consumed nearly two times more feed during the first week and during the 
total growth period than the unselected birds. Possibly, selection for 
rapid body weight gain in broiler chickens is actually a selection for 
high appetite. 
Pekas (1985) speculated that if the capacity for digestion, 
absorption, transport, and tissue synthesis were not rate limiting under 
normal circumstances, food intake would be the predominant factor 
governing growth. To test this hypothesis, Pekas fed young growing pigs 
at 120% of ^  libitum via a gastric fistula. He called this type of 
feeding "superalimentation", which is in reference to the feeding of 
animals more than they would eat normally. He discovered that weight 
gain increased 40% in response to superalimentation and concluded that, 
indeed, digestion, nutrient absorption and circulation, and tissue 
synthesis were not rate limiting factors in the growth of pigs. This 
accelerated rate of growth occurred without altering the efficiency or 
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the composition of growth. These results were very different than 
results reported by McCracken and McNiven (1983) and Harris et al. 
(1986): they superalimentated mature rats at 190% and 160% of ad 
libitum, respectively. Fat deposition increased greatly, while protein 
accretion increased slightly. Pekas (1985) rationalized these seemingly 
contradictory results by pointing out that the experiments of McCracken 
and McNiven (1983) and Harris et al. (1986) were done with mature 
animals, while his were done with young growing animals. 
As compared with the reports of a positive relationship between 
appetite and realimentation described above, several researchers 
reported no change in appetite with realimentation. Meyer and Clawson 
(1964) imposed growth restriction on young sheep for 42 days and found 
no increase in appetite upon realimentation. Stuedemann et al. (1968) 
obtained similar results with cattle. Drew and Reid (1975c) reported 
that the appetite of lambs was no greater after refeeding than that of 
continuous gaining sheep, but the rate of weight gain and feed 
conversion of refed lambs were much greater. Auckland et al. (1969) and 
Auckland and Morris (1971a) restricted turkeys to about 70% of the 
requirement of dietary protein from 0 to 6 weeks of age. Feed 
consumption remained lower in the realimentated birds than in the 
adequately fed birds, but as with the lambs above, previously restricted 
turkeys exhibited increased body weight gain and improved feed 
efficiency. Marks (1979a) observed similar results with protein 
restricted broiler chickens. 
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The conflicting results in the literature concerning appetite and 
realimentation is indicative that other factors influence the role of 
appetite in the compensatory growth phenomenon. In experiments showing 
an increase in appetite with realimentation, the previous undernutrition 
was by limiting feed intake; whereas in experiments showing no change in 
appetite with realimentation, the previous undernutrition was by feeding 
a nutrient deficient diet ad libitum. Allden (1970) implied that the 
actual stage of growth and duration of undernutrition may also influence 
appetite during realimentation. Regardless of the nutritional 
influences on appetite, it is evident that appetite and the control 
mechanisms of food intake have a profound effect on growth rate, but, at 
this time, the mechanisms are poorly understood. 
Efficiency of growth Regardless of the species, the efficiency 
of growth almost always improves after a period of undernutrition. 
Animals utilize food more efficiently and gain more weight relative to 
the amount of feed consumed following a period of undernutrition than 
they do when they receive adequate nutrition throughout their growth 
period (Levitsky et al., 1976; Boyle et al., 1978; Boyle et al., 1981). 
Bjorntorp and Yang (1982) showed that fasted and refed rats utilized 
ingested calories for weight gain five times more efficiently than 
controls. The feed efficiency response is one of the key factors that 
has maintained the interest in the exploitation of the compensatory 
growth phenomenon in livestock, especially in terms of economics. It 
also illustrates the profound ability of an animal to conserve body 
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weight by adapting to the nutritional circumstance through homeorhetic 
manipulation of the maintenance energy requirements. 
Maintenance requirements and basal metabolic rate Sheehy 
and Senior (1942) first proposed that restricted animals have higher 
gains and better feed conversion upon realimentation than normal animals 
because their maintenance requirements are lower. Brody (1945) related 
this to metabolic rate, metabolic body size (kg body weight'^Z) and 
possibly also to suppressed motor activity. Thus, a greater proportion 
of net energy from a diet is available for productive processes, and 
compensatory growth ensues. 
Food energy utilization can improve by a reduction in basal 
metabolic rate or a reduction in incremental heat loss. Several 
researchers have demonstrated that basal metabolic rate declines as the 
energy intake decreases (Blaxter and Wood, 1951 with calves; Marston, 
1948; Graham et al., 1974; Thompson et al., 1979 with sheep; Horst et 
al., 1934; Quimby, 1948; Westerterp, 1977 with rats). In their classic 
papers on specific dynamic action, Forbes et al. (1934) and Kriss et al. 
(1934) showed that heat increment decreases in response to lower feed 
intake. Therefore, animals appear to adapt to undernutrition by 
reducing their energy needs as basal metabolic rate declines and by 
decreasing the proportion of ingested energy dissipated as heat because 
of a decline in heat increment. Both adaptations contribute to 
increased efficiency of dietary energy utilization and, if they persist 
during realimentation, may partially explain the observed enhancement in 
weight gain per unit food consumption. 
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Quimby et al. (1948) and Gumming and Morrison (1960) showed that 
the reduction in basal metabolic rate observed during undernutrition 
persisted during realimentation, but that metabolic rate gradually 
returned to normal. Animals who were undernourished and then suddenly 
realimentated only slowly raised their basal metabolic rate to the 
normal rate for the higher plane of nutrition (Wilson and Osbourn, 
1960). Hence, the proportion of nutrients available for growth would be 
highest immediately after realimentation begins and would gradually 
decline thereafter, resulting in a transient decrease in the 
compensatory growth response. 
As mentioned earlier, metabolic rate is affected by the metabolic 
body size and the heat increment of digestion; therefore, adjustments 
for these effects are necessary to evaluate true dietary effects on 
growth. Boyle et al. (1981) conducted a well designed experiment in 
which these adjustments were appropriately made. They fed mature rats 
50% of the average feed consumed during a 2-week base-line period for 12 
days, then 35% of base-line values during the following 5 days. Upon 
realimentation, the rats exhibited a supranormal rate of weight gain 
even though food intake per unit of metabolic mass (kg body weight*^^) 
was not permitted to exceed base-line levels. Metabolic rate, as 
measured by resting rate of O2 consumption, remained significantly below 
normal through the first 7 days of realimentation, even when Og 
consumption was referenced to the rat's metabolic mass. These results 
were obtained under resting, postabsorptive conditions and following 
intragastric load. Therefore, the reduced O2 consumption was apparently 
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not due to a reduction in the level of somatic activity. Boyle et al. 
(1981) also observed that the heat increment of restricted rats 
decreased after one day of realimentation, but not after 4 days of 
realimentation. The authors concluded that the energy requirement of a 
food restricted animal was reduced significantly so that body weight was 
conserved. Undernourished animals seem to conserve energy by reducing 
resting metabolic rate and the heat increment of digestion, and 
therefore improve the efficiency of food utilization. 
Effect of organ size on energy utilization Metabolically 
active tissues (liver, gut, kidney, and skin) represent about 10 to 15% 
of the total body weight (Koong et al., 1983); yet, they account for 40 
to 50% of the total heat production. Most of this heat is associated 
with protein synthesis in the liver and gastrointestinal tract (Pond, 
1984), even though skeletal muscle has a much greater mass. The 
comparison of tissue protein synthesis in the rat is illustrated in 
Table 2 (Webster, 1980). Because these tissues, particularly liver and 
gut, have a high metabolic rate relative to mass, changes in their mass 
could have a profound influence on an animal's basal metabolic rate, and 
during realimentation, on the efficiency of growth. 
As discussed in the section above, the efficiency of growth is 
influenced by the basal metabolic rate, or the maintenance energy 
requirements. Foot and Tulloh (1977) presented data suggesting that, 
commensurate with a decrease in the plane of nutrition, a decrease in 
maintenance energy requirement was associated with a decrease in 
internal organ mass, especially the liver. Internal organ mass was 
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Table 2. Protein synthesis and deposition in 200 to 350 g rats 
(Webster, 1980) 
muscle Liver Gut Skin Total 
Protein content (g) 32.3 3.3 3.1 16.9 55.6 
Protein synthesis 
rate (g/day) 1.78 2.33 5.28 2.56 13.0 
Protein synthesis 
(% of total) 13.8 18.0 40.7 27.5 100.0 
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influenced by the plane of nutrition in several species (Foot and 
Tulloh, 1977; Ledger and Sayers, 1977 with cattle; Koong et al., 1982; 
Koong et al., 1983; Pond, 1984 with pigs; Ferrell and Koong, 1986 with 
rats). Ferrell and Koong (1986) also reported that whole body protein 
synthesis decreased as the plane of nutrition declined and that this was 
also associated with a decrease in the requirement for energy stasis. 
This relationship is consistent with other reports suggesting that basal 
heat production was positively correlated with body lean tissue (Graham, 
1967; Graham et al., 1974; Ferrell et al., 1979). Therefore, the 
improved efficiency of growth often observed during realimentation is 
probably due to a decrease in the maintenance requirements, which is 
seemingly a result of changes in the proportion of high energy expending 
organs, as well as changes in protein content of the body. 
Composition of the gain The efficiency of growth is highly 
dependent upon the composition of the weight gain. Webster (1981) 
stated that any improvement in efficiency during compensatory growth 
could be almost entirely attributed to differences in energy content of 
the gain. Protein contains fewer calories per unit weight than fat 
(5.65 cal/g protein versus 9.35 cal/g fat). Furthermore, muscle protein 
is associated with six times its own weight of water (Drew and Reid, 
1975a). Therefore, the energy involved in the formation of muscular 
tissue is much less per unit increase in weight than is that of fat 
tissue. The energetic difference between the formation of protein 
tissue and fat tissue may also contribute to the improved growth 
efficiency observed during realimentation, provided the assumption is 
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made that realimentated animals accrue proportionally more muscle tissue 
and less fat tissue than unrestricted animals. This assumption is valid 
in cattle (Reid et al., 1955; Butterfield, 1966), sheep (Keenan and 
McManus, 1969; Drew and Reid, 1975a,b), rats (Barnard et al., 1969), 
chickens (Plavnik et al., 1986), and turkeys (Auckland and Morris, 
1971b). However, this assumption is not always valid because some 
animals not only catch up their weight deficiency as fat during 
compensatory growth, but often reach slaughter weight with more body fat 
than unrestricted animals (Meyer and Clawson, 1964; Harris and Martin, 
1984 with rats; Moran, 1979; Pokniak and Cornejo, 1982 with chickens). 
In support of the hypothesis of differential caloric value of 
weight gain, Sheehy and Senior (1942) showed that cattle had a 
considerable increase in the quantity of nitrogen retained immediately 
after restricted animals were realimentated as compared with 
unrestricted controls of the same weight. However, this improved 
nitrogen retention persisted for a short time after realimentation 
began. A similar observation with sheep was made by Drew and Reid 
(1975c). Drew and Reid (1975a,b) postulated that realimentation effects 
on body composition after prolonged weight restriction occur in two 
phases. Immediately after realimentation begins there is a rapid tissue 
hydration and protein synthesis with a total lack of fat synthesis. 
Subsequently, accretion rates of lean and fat tissues are the same as in 
normal continuously fed animals of the same weight, although the rate of 
protein synthesis may continue to be slightly elevated. This biphasic 
response may contribute to the gradual decline in growth efficiency 
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observed as realimentation proceeds. Howarth and Baldwin (1971) 
suggested that compensatory growth might occur because of an increase in 
the duration of the protein growth phase, rather than an increase in the 
rate of protein synthesis. 
Control and Regulation of Compensatory Growth 
Adaptation to undernutrition and realimentation require intricate 
homeorhetic control mechanisms, which involve complex endocrine and 
neural regulation. Changes in the levels of many circulating hormones 
have been shown to be associated with the compensatory growth 
phenomenon; however, a clear hypothesis on the control of compensatory 
growth has not been established. Present hypotheses are purely 
speculative. 
Growth restricted animals, that subsequently exhibit compensatory 
growth, seem to be able to recognize that they are too small for their 
chronological age. Hense, it is possible that animals are able to 
monitor body size versus chronological age. Prader et al. (1963) 
hypothesized that a central control for compensatory growth would 
require a mechanism for sensing current body size, a way of stimulating 
greater growth rate, and a reference for normal body size relative to 
chronological age. 
Hosier's laboratory provided experimental evidence to demonstrate 
that compensatory growth is under central nervous control. Compensatory 
growth did not occur, or was incomplete, in rats exposed to neonatal 
head-irradiation (Mosier and Jansons, 1967, 1971; Mosier et al., 1983). 
Under natural conditions, Mosier et al. (1985) found that an increase in 
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growth hormone secretion in realimentated rats occurred within a normal 
pulsatile pattern, and only within the light phase of their diurnal 
light/dark cycle. 
Growth hormone (GH) appears to be intricately involved in growth 
regulation. Essentially an anabolic hormone that mobilizes nutrients 
for protein accretion, GH enhances amino acid uptake into cells, 
nitrogen retention, glucose formation from glycogen, and lipid 
catabolism. Thus, elevated GH levels may encourage the compensatory 
growth response. Circulating GH levels are typically elevated after 
prolonged energy deficiency (Daughaday et al., 1975; Harvey et al., 
1978; Engster et al., 1979; Proudman and Opel, 1981; Blum et al., 1985) 
or prolonged protein deficiency (Scanes et al., 1981), which is 
paradoxical for animals with reduced growth rates. Presumably, GH may 
be involved in homeorhesis and to prime the biological system for 
greater growth efficiency upon realimentation. Often, GH levels remain 
elevated for at least a short time after realimentation begins, but they 
gradually return to normal (Proudman and Opel, 1981). McManus et al. 
(1972) were able to show a rapid hypertrophy of the anterior pituitary 
(the source of GH) in compensating sheep, even though circulating GH 
levels in the plasma did not change. 
Levels of other hormones circulating in the plasma change during 
undernutrition and realimentation. Blum et al. (1985) observed that 
insulin levels in plasma decreased rapidly and remained lower in steers 
maintained at constant body weight for 14 days than in control animals. 
Upon realimentation, insulin levels returned to normal. The authors 
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postulated that the low levels of insulin during undernutrition 
facilitated catabolic processes, such as fat mobilization. The 
transient rise in insulin levels (opposite to the decline in GH levels 
observed) during the first few days of realimentation may have 
functioned as an over-shoot signal for the initiation of the anabolic 
processes. These authors also observed that thyroxine (T4) and 3,5,3'-
triiodothyronine (T3) decreased during undernutrition, and then 
increased within days of realimentation. Circulating T3 plays an 
important regulatory role in basal metabolic rate. Furthermore, low T3 
levels during energy deficiency reduce protein catabolism in rats 
(Goldberg, 1980). Normal thyroid function may be necessary for 
compensatory growth to occur. 
As mentioned earlier, a clear hypothesis of a control mechanism 
for compensatory growth has not been established, but there are 
theories. Tanner (1981) postulated that a continuously produced 
inhibitor substance acts on the receptors of a "body mass tally" and 
that it may be the amount of unsatisfied receptors that ultimately 
determines the growth velocity through hormone regulation. During 
growth retardation, a lower than normal quantity of inhibitor may result 
in unsatisfied receptors. Upon realimentation, growth would proceed at 
a faster than normal rate because of the low level of circulating 
inhibitor relative to body mass. As body mass increases, greater a 
amount of inhibitor is released, satisfying the "body mass tally" 
receptors, and ultimately slowing growth rate. This systemic control 
mechanism for growth may seem over-simplified. Snow (1981) proposed 
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that each organ or tissue has its own growth regulating system and that 
the apparent systemic co-ordination is only consequential. 
Verification of Tanner's hypothesis is dependent upon the 
discovery of the so called "body mass monitor or inhibitor substance", 
which has not been identified. Unacknowledged by Tanner (1981), Leibel 
(1977) proposed that insulin could serve as a monitor of body size by 
"reading" body adipose mass. He suggested that changes in total adipose 
cell surface area might alter insulin receptor density, and 
consequently, influence the ratio of insulin to some key metabolite, 
perhaps one important in neurotransmitter synthesis involved in the 
regulation of appetite. In agreement with such a monitoring system, 
Roza et al. (1982) found that somatomedin-C/insulin-like growth factor I 
(Sm-C/IGF-I) correlated well with body mass. Tannenbaum et al. (1983) 
showed that a Sm-C/IGF-I rich preparation caused a decrease in food 
intake during 24 hours when infused into cerebral ventricles of rats. 
If Sm-C/IGF-I influences appetite, it is possible that the increased 
appetite often observed during compensatory growth may cease when body 
mass becomes appropriate for the physiological age. Furthermore, 
somatomedins are a highly sensitive index of body nitrogen balance 
(Clemmons et al., 1981), which decrease during undernutrition and 
increase during realimentation (Van Wyk, 1986, University of North 
Carolina, Chapel Hill, NC, personal communication). In contrast, Hosier 
et al. (1978) demonstrated that compensatory growth in rats does not 
depend entirely on GH or somatomedin levels, but perhaps is a function 
of a cartilage receptor that influences bone growth. 
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Compensatory Growth in Turkeys 
The previous sections were devoted to a general discussion of 
compensatory growth in animals. As mentioned earlier, species 
characteristics have a considerable influence on the compensatory growth 
response. Compensatory growth has been extensively researched in rats, 
sheep, cattle, pigs and chickens, with the objective of improving animal 
production efficiency. Exploitation of the compensatory growth 
phenomenon in ruminants and swine has potential benefits under the 
appropriate conditions. The benefits are less obvious in meat-type 
poultry, like broiler chickens, that have limited time to compensate 
before normal market age. The market turkey, however, may benefit most 
from the exploitation of the compensatory growth phenomenon primarily 
because it is marketed at an older physiological age than broiler 
chickens, allowing more time for the recovery of growth deficits. The 
turkey also has one of the greatest growth rates (relative to hatch or 
birth weight) of all domestic meat animals, which may give it an 
advantage above other species for rapid recovery from early body weight 
restriction. 
Most commercial turkey feeding programs are based on the 
assumption that enough nutrients must be provided to support maximum 
rate of gain and feed efficiency during each age interval of the growth 
period. The possibility of the turkey's inherent adaptive capabilities 
of compensatory growth, where moderate growth restriction during early 
development may be offset by improved growth rate and feed efficiency at 
a later stage, are not considered. Unfortunately, the people who govern 
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the turkey industry are reluctant to adopt a feeding program that takes 
advantage of compensatory growth because there is insufficient 
experimental evidence on compensatory growth in turkeys. 
Auckland et al. (1969) were the first to study compensatory growth 
in turkeys. They fed an early maturing commercial strain (River Rest) 
five levels of protein (110%, 97.5%, 85%, 72.5%, and 60% of the 
essential amino acids required for maximum growth) from 0 to 6 weeks of 
age. At 6 weeks of age, body weights of poults fed the three lowest 
levels of protein were depressed by 8%, 25%, and 50% below maximum, 
respectively. After 6 weeks of age, all the birds were fed adequate 
amounts of protein and the undernourished poults displayed substantial 
compensatory growth. The birds, whose body weight were depressed by 
25%, weighed only 3% less than the fully fed controls at 14 weeks of 
age. In contrast, the more severely restricted birds were not able to 
recover their normal weight by 14 weeks, and they still weighed 35% less 
than the fully fed controls. Feed conversion in the 6 to 14 week period 
improved linearly as the level of early protein nutrition decreased, 
even after a correction had been made for differences in the feed 
required to maintain different body weights. Feed conversion throughout 
the 0 to 14 week period was still slightly better in the undernourished 
groups than the fully fed groups and conversion of dietary protein to 
body weight was much better. The authors concluded that early protein 
restriction at the 70% of requirement level was sufficient to elicit the 
best compensatory growth response, but restriction at the 60% level was 
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too severe for turkeys to compensate within the time to normal market 
age. 
Compensatory growth is influenced by the severity, duration, and 
stage of development at the onset of the undernutrition, and by the 
quality of the realimentation diet. Auckland and Morris {1971a) 
reported an experiment designed to determine the minimum level of 
protein required in the diet from 6 to 10 weeks of age to allow the full 
potential for compensatory growth after previous protein restriction. 
This experiment was also designed to study the effects of severity, 
duration, and age at onset of the period of undernutrition on 
compensatory growth. River Rest turkeys were fed an adequate and a low 
protein starter diets (29% and 20% crude protein, respectively) from 0 
to 6 weeks of age. The protein restricted poults weighed 17% less than 
the fully fed ones. Turkeys from each treatment were fed one of five 
levels of protein (117.6%, 100%, 85%, 72.3%, and 61.5% of the lysine 
required for maximum growth) from 6 to 10 weeks of age. After 10 weeks, 
all groups were fed adequate levels of protein until 20 weeks of age to 
allow the undernourished poults to exhibit compensatory growth. The 
percentage protein required for maximum growth in the 6 to 10 week stage 
was the same for undernourished and fully fed turkeys. The onset of 
restriction was important. Compensatory growth was stimulated when 
turkeys were restricted from 0 to 6 weeks, but was inhibited when 
restricted from 6 to 10 weeks. The duration of restriction was also 
highly influential. Toms restricted from 0 to 6 weeks were able to 
eliminate their growth deficiency by 20 weeks of age, but toms 
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restricted from 0 to 10 weeks were too far behind to recover within the 
time allowed. Auckland (1972) explained that only small depressions in 
growth can be tolerated in turkeys because compensatory growth doesn't 
begin until the time at which growth rate of fully fed birds approaches 
peak or begins to decline. This stage is at about 12 weeks of age for 
early maturing strains, and much later for later maturing strains. 
In an experiment having a design similar to the one described 
above, Auckland and Morris (1971b) determined whether normal chemical 
composition, body proportions and economic value are restored during 
compensatory growth. At 6 weeks of age, the percentage of body fat 
increased and the percentage of protein in the fat-free dry matter 
decreased when the low protein starter diet was fed from 0 to 6 weeks of 
age. These poults retained nitrogen more efficiently during the 
restriction period and about 2 weeks thereafter. Upon realimentation, 
body protein content quickly restored, but a longer period was needed 
before body fat decreased to the level of the fully fed controls. 
Weights of internal organs were not affected by dietary treatment, 
except for the gizzard and liver, which were proportionally heavier in 
the protein restricted birds at 6 weeks of age. Carcass composition, 
body proportions, and economic value of the carcasses at 20 weeks of age 
were not significantly affected by early protein nutrition. The authors 
concluded that protein utilization was significantly enhanced by early 
protein restriction. 
The data provided by Auckland and his laboratory are the most 
complete information on compensatory growth in turkeys reported in a 
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refereed journal. Many questions remain to be answered as new 
commercial turkey strains are introduced: What is the potential of 
compensatory growth in large-type male market turkeys commonly used 
today for the further processing? How does the type of early nutrient 
restriction affect subsequent compensatory growth? What changes in 
carcass characteristics occur in turkeys subjected to early nutrient 
restriction? These questions are addressed in this dissertation. 
Explanation of Dissertation Format 
Two experiments were conducted and the results were reported in 
two companion papers for each experiment. Experiment one was a 
preliminary study to establish general dietary conditions that would 
provide the greatest potential for compensatory growth or efficient meat 
production in large turkey toms. Once these general conditions were 
established, more specific dietary conditions were evaluated in 
experiment two. 
The four sections of this dissertation represent four complete 
manuscripts which are or will be submitted for publication in the 
Poultry Science Journal under the authorship of Peter R. Ferket and 
Jerry L. Sell. Peter R. Ferket is the senior author of these 
manuscripts. 
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SECTION I. EFFECT OF EARLY PROTEIN AND (OR) ENERGY RESTRICTION 
ON LARGE TURKEY TOMS FED HIGH OR LOW FAT REALIMENTATION 
DIETS. 1. PERFORMANCE CHARACTERISTICS 
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Effect of early protein and (or) energy restriction on large turkey toms 
fed high or low fat realimentation diets. 1. Performance 
characteristics 
Peter R. Ferket, B.S., M.S. 
Jerry L. Sell, B.S., M.S., Ph.D. 
From the Department of Animal Science, Iowa State University, Ames, lA 
50011 
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ABSTRACT 
Two levels of protein (P) [100% (HP) or 70% (LP) of National 
Research Council (N.R.C.) (1984) recommendations] were fed ad libitum in 
a factorial arrangement with two levels of energy (E) [100% (HE) or 90% 
(LE) of N.R.C. (1984)] to Nicholas toms from 10 days to 6 weeks of age. 
Subsequently, the four treatment groups were fed diets containing either 
4% or 8% fat (F), keeping other nutrients consistent with N.R.C. (1984) 
recommendations until 20 weeks of age. LP or LE reduced weight gain 
(WG) and increased feed/gain (F/G) ratio from 10 days to 6 weeks of age 
(P<.005). LP significantly reduced the amount of protein 
consumption/gain and increased energy consumption/gain, but the converse 
was observed with LE. There was a significant P X E interaction effect 
on 6-week body weight (BW) and on 10-day to 6-week feed intake (FI). LP 
toms had consistently lower BW than HP toms until 20 weeks of age 
(P<.005); but they had a higher relative weight gain and lower F/G 
(P<.005), resulting in greater economic return under the prevailing 
market conditions. In contrast, BWs of LE toms were not different from 
HE toms at 20 weeks of age. There was no economic benefit from early E 
restriction. WG increased and F/G decreased as the level of F increased 
(P<.005). Performance was not significantly influenced by F in LP or HE 
toms. 
The results of this experiment indicate that toms respond more 
favorably to early P than E restriction, regardless of the fat content 
of the realimentation diet. 
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INTRODUCTION 
The primary goals of most commercial turkey feeding programs are 
to maximize rate of gain and minimize time to market. These goals are 
commonly achieved by providing adequate dietary protein and energy to 
promote maximum growth rate and feed efficiency during each age 
interval. Such feeding programs are based on the assumption that 
optimum performance will yield the greatest economic return, which may 
not be true under all circumstances. Furthermore, these programs are 
not designed to consider the possibility that moderate growth 
restriction during early development may be offset by subsequent 
compensatory growth and improved feed efficiency. 
Literature on compensatory growth in turkeys focuses on the 
response to moderate protein restriction during early development. 
Auckland et al. (1969) and Auckland and Morris (1971a,b) fed medium-
sized turkey toms 70% of the protein required for maximum growth rate 
for the first six weeks after hatch and found that subsequent body 
weight gain and feed efficiency were improved in comparison with full-
fed controls. Johnson and Sell (1976) reported that large-sized turkey 
toms fed rations containing 80% or 85% of the protein contained in the 
control diet from 10 days to 8 weeks of age could achieve body weights 
equal to those fed the control diet by 24 weeks of age and their feed 
efficiency was also improved. Moran (1981) and Oju et al. (1985) have 
also reported a compensatory growth response after mild dietary protein 
restriction. 
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In their comprehensive reviews on compensatory growth in animals, 
Wilson and Osbourn (1960) and Allden (1970) placed an emphasis on energy 
undernutrition because they assumed growth in the normal animal was 
closely related to the amount of useful energy consumed. Blaxter (1956) 
suggested that shortages of dietary energy were usually more important 
causes of low productivity in livestock than deficiencies of vitamins, 
minerals and proteins. Furthermore, Blaxter (1962) illustrated that 
specific nutrients were required in amounts proportional to the energy 
metabolized. The assumption these authors made was that a variation in 
the level of nutrition is essentially analogous to a variation in energy 
intake, and that compensatory growth is a response reflecting a change 
in energy metabolism. It is necessary to test whether variation in the 
level of early protein nutrition is analogous to a variation in energy 
intake by comparing the main effects and interaction effects of early 
protein and energy restriction. No information is available on the 
potential of restricting dietary energy alone or together with protein 
during early development on subsequent growth performance of turkeys. 
The quality of the realimentation diet may also influence the 
magnitude of the compensatory growth response (Wilson and Osbourn, 1960; 
and Auckland and Morris, 1971a,b). The improvements in feed efficiency 
observed during realimentation (Auckland et al., 1969; Auckland and 
Morris, 1971a,b; Auckland, 1972; and Johnson and Sell, 1976) suggest 
that energy metabolism may play a central role in the compensatory 
growth response. The magnitude of this response may be highly 
influenced by the energy density of the diet. Energy density of the 
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diet is typically altered by adjustments of the level of supplemental 
fat. The favorable effects of supplemental dietary fat on feed 
efficiency and growth of turkeys has been well documented (Potter et 
al., 1974; Touchburn and Nabar, 1966; Sell and Owings, 1981; Sell and 
Owings, 1984). Supplemental fat in the realimentation diet could 
improve the turkey's ability to exhibit compensatory growth after 
moderate growth restriction. 
The objectives of the experiment reported herein were to determine 
the effects of moderate protein and (or) energy restriction during early 
development on subsequent performance, and to determine the effect of 
energy density on compensatory growth by increasing the level of 
supplemental fat in realimentation diets of large-type turkey toms. 
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MATERIALS AND METHODS 
Large White Nicholas male poults were raised to 10 days of age on 
a starter diet formulated according to N.R.C. (1984) recommendations. 
Then, the poults were weighed, randomly distributed among 32 floor pens, 
and assigned to one of eight feed regimens as outlined in Table 1. 
The experiment was designed to have two treatment periods: the 
restriction period (from 10 days to 6 weeks of age) and the 
realimentation period (from 6 to 20 weeks of age). During the 
restriction period, the poults were assigned to four dietary treatments 
of eight replicate pens each. The dietary treatments were a result of a 
factorial arrangement of diets containing two levels of dietary protein 
(100% and 70% of N.R.C. (1984) recommendations for crude protein) and 
two levels of energy (100% and 90% of N.R.C. (1984) recommendations for 
metaboizable energy (ME, Kcal/Kg)). Practical rations corresponding to 
these treatments were formulated by using least-cost, linear programming 
with prices of primary feedstuffs prevailing at Chicago delivery on 
October 14, 1984 (Feedstuffs, 1984) (Table 2). Reduction of dietary 
protein and energy levels was attained by substituting wheat, barley, 
and oats for corn, fat, and soybean meal so that essential amino acid 
content relative to protein remained similar to the respective control 
diets (HP-HE). All diets were available to the toms ^  libitum in mash 
form. 
During the realimentation period, each of the four restriction 
period treatment groups was divided and fed a diet containing either 4% 
or 8% total dietary fat, resulting in four replicate pens of eight feed 
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Table 1. Experimental design 
Treat­
ment 
Restriction® 
percent of N.R.C. 
Protein Energy 
Realimentation 
total dietary 
fat, % 
HP-HE 100 100 4 
8 
HP-LE 100 90 4 
8 
LP-HE 70 100 4 
8 
LP-LE 70 90 4 
8 
^Eight pens of 28 toms per pen fed ad libitum from 10 days to 
6 weeks of age. 
'^Four pens of 25 toms per pen fed ^  1 ibitum from 6 to 20 weeks 
of age. 
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Table 2. Composition of experimental rations fed to toms during the 
restriction period 
Ingredient Starter (10d-3wks) Grower I (3-6 wks) 
HP-HE HP-LE LP-HE LP-LE HP-HE HP-LE LP-HE LP-LE 
Corn 
Wheat 
Barley 
Soybean meal 
(48%) 
Meat & bone 
meal (50%) 
DL-Methionine 
L-Lysine 
AV-Fat 
Limestone 
Dicalcium 
phosphate 
Constant® to 100%-
Calculated Analysis 
39,55 3 .50 31.15 - 51.06 12.48 48.19 9.79 
— — 5 .90 21.80 17.95 — — 10.00 10.00 20.00 
4.20 30 .00 16.37 25.00 20.00 12.30 30.00 
44.00 41 .20 18.45 17.15 39.94 35.97 17.73 13.60 
2.00 2 .00 2.00 2.00 5.61 2.00 2 00 2.00 
.19 .19 .12 .14 .10 .11 .05 .07 
.02 -- .22 .20 .12 .11 .22 .27 
1.49 1 .40 1.19 1.07 1.00 1.40 .87 .93 
.37 .40 .50 .49 .41 .50 .52 
2.83 2 .77 2.85 2.85 1.92 2.81 2.89 2.85 
Crude protein, 
% 
Kcal ME/kg 
Crude fiber, % 
Ehter extract, 
% h TSAA^, % 
L-Lysine, 
% 
Cost, ^ /kg 
28.0 28.0 
2800 2527 
3.4 4.7 
4.0 4.0 
3.75 3.72 
6.07 6.03 
19.1 19.4 
20.0 20.0 
2802 2521 
3.3 5.9 
4.0 4.0 
3.80 3.83 
6.15 6.12 
17.2 19.1 
26.0 26.0 
2896 2615 
2.7 4.5 
4.0 4.0 
4.19 4 46 
6.15 6.15 
18.3 18.9 
18.7 18.5 
2902 2615 
3.18 4.9 
4.0 4.0 
3.46 3.50 
6.15 6.22 
16.3 18.0 
^Menhaden fish meal (60%), 2.50%; dehydrated alfalfa meal (17%), 
2.00%; 3-Nitro-4-hydroxyphenoarsinic acid (10%), .05%; Furox-50, .2% 
in starter and .1% in grower; vitamin premix, .3%; and mineral premix, 
.3%. The vitamin and mineral premixes supply the following per kilogram 
of complete feed: vitamin A, 5000 lU; vitamin D3, 1500 lU; vitamin E, 
12 lU; vitamin B]2» H uQi vitamin K, 1.8 mg; riboflavin, 2.7 mg; panto­
thenic acid, 7 mg; niacin, 75 mg; choline, 509 mg; folic acid, .55 mg; 
biotin, 75 yg; santoquin, 45 mg, manganese (Mn SOg-HpO), 70 mg; zinc 
(ZnO), 40 mg; iron LFe3(S04)2.7H20], 37 mg; copper (CuSOa), 6 mg; 
selenium [NagfSEOg)], .15 mg;'iodized NaCl, 2.60 g. 
'^TSAA = total sulfur amino acids. 
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regimens. The fatty acid composition of the fat used in the formulation 
(expressed as percentage of total methyl esters) was: myristic, .85; 
palmitic, 20.60; palmitoleic, 2.23; stearic, 9.70; oleic, 31.37; 
linoleic, 28.24; linolenic, 3.74; other, 3.23. These diets were also 
formulated at least cost, keeping dietary protein similar, but energy 
was allowed to increase as the level of supplemental fat increased 
(Table 3). 
Body weight and feed consumption data were recorded at 3 and 6 
weeks of age, and subsequently, at biweekly intervals until 20 weeks of 
age. Treatment groups that had not attained 20-week body weights equal 
to those of the HP-HE treatment group were kept on the experiment until 
they did, and the additional feed consumption and time required were 
recorded. 
Data obtained from 10 days to 6 weeks of age were statistically 
evaluated by two-factor analysis of variance to ascertain the main 
effects of dietary protein and energy levels. Data obtained from 6 to 
20 weeks were evaluated by a three-factor analysis of variance to 
ascertain the carry-over effects of previous dietary protein and energy 
levels and the main effect of fat in the realimentation diet. 
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Table 3. Composition of experimental rations fed toms during the 
realimentation period 
Ingredient 
Grower I 
7-8 wks 
4% 8% 
Fat Fat 
Grower II 
9-12 wks 
4% 8% 
Fat Fat 
Developer 
13-16 wks 
4% 8% 
Fat Fat 
Finisher 
17-20 wks 
4% 8% 
Fat Fat 
Corn 52.19 46.54 58.45 52.82 68.74 62.59 75.14 70.20 
SBM (48%) 36.55 37.90 36.73 37.73 25.70 28.18 19.69 20.63 
MBM (50%) 4.00 4.00 -  - — — 2.20 .94 2.00 1.95 
Alfalfa meal 
(17%) 2.00 2.00 
DL-Methionine .17 .17 .04 .05 .04 .04 .01 .01 
L-Lysine .30 .30 .04 .14 — — - - - — — 
AV-Fat 1.32 5.62 1.47 5.85 1.00 5.48 1.26 5.16 
Limestone .15 .15 .95 1.07 .75 .87 .59 .71 
Dicalcium P 2.72 2.72 1.72 1.74 .95 1.30 .71 .74 
Constant® 100%— 
Calculated Analysis 
Crude protein, 
% 25.0 25.0 22.2 22.3 19 0 19.0 16.5 16.5 
Kcal ME/kg 2894 3112 3021 3210 3110 3300 3200 3370 
Crude fiber. 
% 3.17 3.10 2.71 2.63 2.60 2.50 2.48 2.40 
Ether extract. 
% h 
TSMP, % 
4.0 8.0 4.0 8.0 4.0 8.0 4.4 8.0 
3.67 3.67 3.38 3.36 3.42 3.42 3.33 3.33 
L-Lysine, 
% 6.53 6.61 5.85 6.23 5.32 5.47 5.03 5.13 
Cost, fi/kg 18.0. 18.3 15.4 17.2 14.1 15.4 13.4 14.5 
^Vitamin premix, .3%; and mineral premix, .3%. The vitamin and 
mineral premixes supplies the following per kilogram of complete feed: 
vitamin A, 5000 lU; vitamin D3, 1500 lU; vitamin E,> 12 lU; vitamin 612, 
11 ug; vitamin K, 1.8 mg; riboflavin, 27 mg; pantothenic acid, 7 mg; 
niacin 75 mg; choline, 509 mg; folic acid, .55 mg; biotin, 75 yg; 
santoquin, 45 mg manganese (MnSO^-HgO), 70 mg; zinc (ZnO), 40 mg; iron 
[Fe3(S04)2.7H2)], 37 mg; copper (CuSO,), 6 mg; selenium [Na2(Se03)], 
.15 mg; iodized salt, (NaCl-I), 2.60 g. 
^TSAA = total sulfur amino acids. 
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RESULTS AND DISCUSSION 
Restriction period 
As expected, the dietary treatments had a significant influence on 
poult performance during the restriction period (Table 4). Poults fed 
the low protein (LP) diets had 18% lower body weight at 6 weeks of age, 
and consumed about 10% less feed than those fed the high protein (HP) 
diets. Feed consumed per gain in body weight was increased markedly in 
groups fed the LP diets. Consequently, moderate protein restriction led 
to an over-consumption of dietary energy and about a 20% reduction in 
the amount of protein consumed per body weight gain. 
Dietary energy restricted to 90% of N.R.C. (1984) recommendation 
during early poult development also significantly reduced 6-week body 
weight, suggesting that the N.R.C. (1984) energy recommendations for the 
poult may be marginal. Poults fed the low energy (LE) diets consumed 
significantly more feed than those fed the high energy (HE) diets, but 
not enough to compensate for the energy deficiency. As a result, 
nutrient utilization was significantly reduced in poults fed the LE 
diets as indicated by significant increases in the amount of feed, 
protein, and energy consumed per unit weight gain. 
The significant protein X energy interaction effects on body 
weight, feed consumption, and ME/gain during the restriction period 
illustrate the close relationship of the effect of protein restriction 
and energy restriction. Comparing the body weights, it is apparent that 
the poults fed HP diets were more severely affected by the LE diets than 
those fed the LP diets. In contrast to the LP poults, the HP poults 
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Table 4. Effect of protein and/or energy restriction on poult 
performance from 10 days to 6 weeks of age 
Treat­
ment 
Body weight 
6 wks, kg 
Feed,b 
kg F/G^ 
Protein/ 
gain" 
ME/ 
gain® 
HP-HE 2.21 3.26 1.73 46.68 4953 
HP-LE 1.90 3.28 2.00 52.55 5087 
LP-HE 1.71 2.89 1.90 37.74 5472 
LP-LE 1.65 3.06 2.16 40.60 5591 
Source of Variation 
Protein (P) *** *** *** "kick *** 
Energy (E) *** ** "kick f •k * 
P X .E •kick * NS^ NS * 
SEM9 .017 .03 .04 .42 43.3 
^Average of eight pens of 28 toms/pen. 
'^Feed consumed/tom. 
^Feed consumed/body weight gained. 
"^Protein consumed/body weight gained. 
®Kcal metabolizable energy consumed/body weight gained. 
^NS = Not significant. 
^SEM = Standard error of the mean with 25 degrees of freedom. 
*P<.05. 
**P<.01. 
***P<.005. 
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could not consume enough of the LE diets to compensate for the energy 
required to fully utilize the available protein; therefore HP poults 
consumed proportionally more protein and less energy from LE diets than 
the LP poults. 
Our data are consistent with Blaxter's (1962) hypothesis that 
protein, vitamins and minerals are required in amounts proportional to 
the energy metabolized. Assimilation of dietary protein into animal 
tissue is dependent upon the amount of energy available to accomplish 
the necessary anabolic processes. When dietary protein was in excess of 
requirement, dietary energy was apparently the most limiting factor for 
proteinous tissue growth. Instead of increasing feed intake, these 
young turkeys seemed to preferentially catabolize excess dietary protein 
until immediate energy needs for growth were fulfilled. However, when 
dietary protein and energy were inadequate, an increase in feed intake 
was the only alternative to fulfill the animal's energy requirement. 
Realimentation Period 
Highly significant (P<.005) treatment effects on performance were 
observed during the realimentation period (Table 5). The main effect of 
fat (energy density) in the realimentation diets, and the carry-over 
effects of early protein nutrition on body weight were consistently 
significant. However, the significant carry-over effect of early energy 
nutrition on body weight was not consistent. Significant carry-over 
effects of early protein nutrition on feed consumption prevailed through 
the first 10 weeks of realimentation. Other treatments did not 
influence feed consumption significantly after 16 weeks of age, with the 
Table 5. Effect of early protein and (or) energy restriction on subsequent performance of toms 
fed high and low diets® 
6-20 wks Weeks of age : 
Treat- Body weight, kg Feed consumed/tom, kg F/G^ 1f cal­
ment fat. % 8 10 12 14 16 18 20 6-8 8-1010-1212-1414-16 16 -1818-20 6-20 lOd-20 
HP-HE 4 3.6 5.3 7.2 9.1 11.0 12.8 14.4 3.3 4.08 5.30 6.12 6.75 7 .28 5.64 3.16 2.96 
8 3.8 5.6 7.8 9.6 11.4 13.3 14.9 3.3 4.22 5.41 6.18 6.66 7 .11 5.20 3.01 2.83 
HP-LE 4 3.3 5.1 7.1 9.0 10.7 12.5 14.5 3.2 4.22 5.40 6.19 6.71 7 .22 5.70 3.07 2.95 
8 3.5 5.2 7.3 9.4 11.2 12.8 14.7 3.2 4.06 5.24 6.23 6.57 6 .79 5.26 2.92 2.80 
LP-HE 4 3.1 4.7 6.8 8.7 10.5 12.2 14.0 2 8 4.01 5.22 6.09 6.55 7 .10 5.52 3.03 2.90 
8 3.2 5.0 7.4 9.1 11.3 12.9 14.6 2.8 4.00 5.30 5.98 6.65 7 .12 5.56 2.92 2.80 
LP-LE 4 3.0 4.6 7.1 8.8 10.4 12.0 13.7 2.9 3.91 5.12 5.97 6.42 7 .08 5.60 3.06 2.95 
8 3.2 4.9 7.0 9.0 10.8 12.7 14.3 2.9 3.82 4.97 5.89 6.28 6 .77 5.32 2.84 2.78 
Source of Variation 
Protei n level 
(10d-6wks) *** *** * *** *** *** *** *** *** * * * NS^ NS ** NS 
Energy level 
(10d-6wks) *** *** NS NS * ** NS NS NS NS NS NS * NS • NS 
Fat level 
(6-20 wks) *** *** * *** *** *** *** NS NS NS NS NS * NS *** *** 
Interactions ***d NS NS NS NS NS NS NS NS NS NS NS NS NS NS 
SENT .07 .08 .14 .15 .13 .14 .13 .10 .08 .10 .11 .13 129 .241 .037 .035 
Average of four pens of c^. 25 toms/pen. 
"Feed consumed/weight gained through the respective interval. 
CNS = Not significant. 
"Protein x energy interaction. 
^Energy x fat interaction. 
'SEM = Standard error of the mean with 21 degrees of freedom. 
*P<.05. **P<.01. ***P<.005. 
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exception of an energy carry-over effect and dietary fat effect during 
the 16- to 18-week period. All treatments had significant independent 
effects on feed/gain ratios during the realimentation period. 
In general, our data support the contention that body weight and 
feed efficiency of turkeys improve significantly as the level of dietary 
fat increases (Jensen et al., 1970; Potter et al., 1974; Sell and 
Owings, 1981;1984). Feed efficiency was improved 4% per 1% incremental 
increase of total dietary fat. Similarly, Sell and Owings (1984) 
reported a 3.6% improvement in feed efficiency per 1% fat included in 
diets of turkeys during the 12- to 20-week age period. As reported by 
Touchburn and Nabar (1966) and Sell and Owings (1984), differences in 
body weights and the cumulative improvements in feed efficiency caused 
by supplemental fat became more pronounced during the late stages of 
growth in the toms. 
Feed consumption was virtually unaffected by the level of dietary 
fat. The insignificant interaction effect of fat in the realimentation 
diet and early nutrition illustrates that energy density of the 
realimentation diet did not influence the compensatory growth response 
of the toms. In other words, the absolute rate of gain in early protein 
and/or energy restricted birds subsequently fed the 8% fat 
realimentation diet was not any different than that of the non-
restricted birds fed the same realimentation diet. Even so, the 
restricted turkeys quickly recovered early deficits in body weight when 
the realimentation diet was higher in energy than the level recommended 
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by N.R.C. (1984). These early deficits in body weight were partially 
overcome by an increase in body fat (Ferket and Sell, 1988). 
Early energy nutrition had a significant carry-over effect on body 
weight until 12 weeks of age. From 16 to 18 weeks, the carry-over 
effect of energy nutrition on body weight reappeared, but by 20 weeks it 
was gone again. This inconsistent carry-over effect of early energy 
restriction on body weight may be related to the shift in energy 
metabolism characteristic of male turkeys during the transition from 
adolescence to sexual maturity (Monetti et al., 1980). 
Early energy restriction did not affect subsequent feed 
consumption, but feed conversion improved significantly. Sheehy and 
Senior (1942) first proposed that growth restricted animals have better 
feed conversion upon realimentation than normal animals because their 
maintenance requirements are lower. Brody (1945) related lower 
maintenance requirement to smaller metabolic body size (Kg body 
weight'72). Similarly, we found by using covariate analysis that the 
improved feed conversion observed was largely a function of body size. 
The carry-over effect of early protein nutrition on body weights 
prevailed throughout realimentation. The protein restricted toms did 
not exhibit compensatory growth during realimentation, as defined by 
having greater weight gains on an absolute basis, than those fed at the 
higher protein level (Table 6). Other researchers who subjected turkeys 
to a similar degree of protein restriction during early development 
reported complete body weight recovery by 20 weeks of age (Auckland et 
al., 1969; and Auckland and Morris, 1971a,b). Strain differences may 
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Table 6. Effect of early protein restriction on body weight at 6 and 
20 weeks of age and relative growth rate 
Protein level, 
% of N.R.C. 
10 days to 
6 weeks 
Body weight 
kg/tom 
6 weeks 20 weeks 
Live-weight 
gain 
kg/tom 
6-20 weeks 
Percentage 
relative weight 
gain per day® 
6-20 weeks 
100 2.05 14.62 12.57 6.26 
70 1.68 14.17 12.49 7.58 
Significance *** *** NS^ *** 
SEMf .012 .065 .055 .076 
(Weight at 20 weeks) - (weight at 6 weeks)/(weight at 6 weeks) 
98 days 
X 100. 
^NS = Not significant. 
^SEM = Standard error of the main effect mean with 21 degrees of 
freedom. 
***P<.005. 
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account for these conflicting results. Auckland (1972) demonstrated 
that compensatory growth in some large turkey strains may not begin 
until too late for recovery of body weight by normal market age. 
The degree of compensatory growth in the research reported here 
seemed to be limited by feed consumption early in the realimentation 
period. Toms that were fed the LP diets continued to consume less feed 
during the first 10 weeks of realimentation than those fed the HP diets. 
This reduced feed consumption was a function of body size because early 
protein nutrition did not influence daily feed intake, relative to body 
weight (Figure 1). In contrast, Auckland et al. (1969) concluded that 
the major factor responsible for compensatory growth after protein 
restriction in medium-strain turkeys was the increase in feed 
consumption (or appetite), relative to body size. Several other species 
are documented to have a significant increase in appetite associated 
with compensatory growth (Bohman, 1955 with cattle; Harris et al., 1986 
with rats; and Brody et al., 1980 with chickens). Appetite has a strong 
influence on the growth rate of poultry (Marks, 1978; 1979). Possibly, 
large-strain turkeys have a lower degree of compensatory growth than 
medium-strains after moderate protein restriction because appetite has 
reached an upper limit as dictated by the tom's genetic potential. 
Growth rate relative to body weight at any particular age was 
increased after moderate protein restriction (Table 6), despite no 
increase in appetite. From this observation, one may conclude there was 
an improvement in energetic efficiency, which was consistent with the 
improvement in feed efficiency observed during the realimentation 
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Figure 1. Effect of early protein nutrition (100% and 70% of N.R.C. 
(1984)) recommendations for protein from 10 days to 6 
weeks of age on feed consumption in relation to body 
weight for the 6- to 20-week period. The seven points on 
each line correspond to feed intake and mean body weight 
for the periods 6-8, 8-10, 10-12, 12-14, 14-16, 16-18, 
and 18-20 weeks 
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period. Little is known about the mechanism by which early protein 
restricted animals have improved energetic efficiency. Ferket and Sell 
(1988) reported that early protein restricted turkeys have more carcass 
fat at the end of the restriction period than fully-fed toms, but during 
the realimentation period, carcass fat returned to normal. 
Hypothetically, the excess energy stored as fat during early protein 
restriction could be used during the subsequent realimentation. This 
switch in energy mobilization as the turkey progresses from protein 
restriction to realimentation could explain the change in feed 
efficiency observed: feed efficiency of toms fed the LP diets was poorer 
than that of toms fed the HP diets, but the relationship was reversed 
during the realimentation period. With respect to cumulative feed 
efficiency, the beneficial effects of early protein restriction were not 
apparent until after 11 weeks of age (Figure 2). Although toms 
previously fed LP diets seemed to utilize feed more efficiently than the 
HP-fed counterparts during the remainder of the experiment, no 
significant protein restriction carry-over effects were detected for 
this trait. 
Mortality was not significantly influenced by any of the dietary 
treatments; however, the condition of the toms was noticably different 
between treatments. Early protein restricted toms were more alert and 
mobile than the normal toms. Some protein restricted groups were 
observed to have a reduced incidence of leg abnormalities. 
Unfortunately, data for this trait were not recorded in this experiment. 
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Figure 2. Effect of early protein nutrition (100% and 70% of N.R.C. 
(1984)) recommendations for protein from 10 days to 6 weeks 
of age on cumulative feed consumed/body weight gain for the 
6- to 20-week period 
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Economic benefit is the primary concern in the evaluation of 
alternative feeding programs. Therefore, feed costs and return above 
feed costs per tom were determined for each of the treatments (Table 7). 
Main effect means of early protein nutrition only are presented because 
there were no significant effects of early energy nutrition, fat level 
in the realimentation diet, or treatment interactions effects observed 
on the economic traits. Economic evaluation is highly dependent upon 
current market conditions. With the prevailing market prices of feed 
ingredients and market turkeys at the time of the experiment, early 
protein restriction was economically favorable. Because of a 
combination of reduced feed costs during the restriction period and 
improved feed efficiency during the realimentation period, early protein 
restriction resulted in a substantial reduction in the cost of feeding 
these turkeys through to market age. Furthermore, the return above feed 
costs for early protein restricted toms was $.12 more than control toms 
if they were marketed at the same age. This difference increased to 
$.19 if the protein restricted toms were grown an additional four days 
and marketed at the same weight as the control toms. It must be 
emphasized, however, that economic return from early protein restricted 
turkeys would decline as the price of dietary protein relative to turkey 
market price declines. 
In conclusion, early protein nutrition and energy nutrition had 
dissimilar effects on the subsequent growth characteristics of turkey 
toms. Toms subjected to early energy restriction were able to recover 
their body weight deficiency by 20 weeks of age. Although feed 
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Table 7. Effect of early protein and (or) energy restriction and 
subsequent dietary fat level on economic aspects of torn 
production^ 
Dietary 
treatment 
Feed costs, $/tom 
lOd-
6 wks 
6-20 
wks 
lOd-20 
wks 
Market 
wt, kg 
Return above feed 
costs, $/tom" 
Constant 
age 
Constant 
wt 
Restriction Period: 
Protein level, % of NRC 
100 .61 5.81 6.42 14.6 5.89 5.89 
70 .52 5.61 6.13 14.4 6.01 6.08 
Significance *** *** *** *** * ** 
Energy level, % of NRC 
100 .54 5.76 6.30 14.5 5.90 5.90 
90 .60 5.66 6.26 14.5 5.95 5.95 
Significance *** NS^ NS NS NS NS 
Compensation Period: 
Fat level, % 
4 — 5.50 6.06 14.4 6.06 6.13 
8 — 5.93 6.49 14.6 5.80 5.80 
Interactions ***^ NS NS NS NS NS 
SEM® .004 .05 .05 .10 .06 .06 
^Average of eight pens of c^. 25 toms/pen. 
Return above feed costs = market wt x (84.2 #/kg) - total feed 
costs. 
SNS = Not significant. 
Protein x energy interaction. 
®SEM = Standard error of the mean with 25 and 21 degrees of 
freedom during lOd-6 wks and 6-20 wks, respectively. 
*P<.05. 
**P<.01. 
***P<.005. 
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efficiency was slightly improved after energy restriction, it was 
related to reduced body size early in the realimentation period. In 
comparison, early protein restricted toms did not exhibit compensatory 
weight gain, and thus were not able to fully recover their body weight 
deficit by 20 weeks; however, feed efficiency was significantly improved 
after moderate protein restriction. Therefore, a variation in the level 
of early protein nutrition may not be analogous to a variation in energy 
intake. Rather, the favorable effects of early protein restriction may 
be closely related to an alteration in energy metabolism or energy 
partitioning, resulting in more efficient growth, regardless of the 
energy density of the realimentation diet. Further research on the 
effect of early protein and (or) energy restriction on the chemical 
composition and structural development of turkey toms is needed to 
confirm and expand on the results of this experiment. 
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REALIMENTATION DIETS. 2. BODY COMPOSITION, 
STRUCTURAL DEVELOPMENT, AND ORGAN SIZE 
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ABSTRACT 
Two levels of protein (P) [100% (HP) or 70% (LP) of National 
Research Council (N.R.C.) (1984) recommendations] were fed ad libitum in 
a factorial arrangement with two levels of energy (E) [100% (HE) or 90% 
(LE) of N.R.C. (1984)] to Nicholas toms from 10 days to 6 weeks of age. 
Subsequently, the four treatment groups were fed diets containing either 
4% or 8% fat, allowing caloric density to increase as the level of fat 
increased, and keeping other nutrients consistent with N.R.C. (1984) 
recommendations. Both LP and LE reduced body weight (BW) at 6 weeks 
(P<.005), but only LP had a significant carry-over effect on reduced 12-
and 20-week BW. At 6 weeks, there were no P or E effects on % body 
protein or ash; however, % dry matter and % fat were increased by LP, 
and decreased by LE (P<.005). Protein utilization (protein 
consumed/protein retained) was improved by LP, especially before and 
immediately after realimentation (P<.005). LP also increased shank 
length per kg body weight, reduced breast muscle, and increased breast 
skin, gizzard, liver, and intestine weights as % of BW. LE reduced 
relative liver weight and increased Intestine weights as % of BW. Body 
composition and structural proportionality of the restricted treatment 
groups were restored to normal by 12 and 20 weeks, except for breast 
muscle, which was still adversely affected by LP at 12 weeks. At 12 and 
20 weeks, % body fat Increased as the level of dietary F increased. 
Percent of intestine weight at 12 weeks and % liver at 20 weeks were 
reduced significantly by the 8% fat diet. 
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The results of this experiment indicate that body composition and 
structural proportionality are restored after early P or E restriction, 
regardless of subsequent level of F, and that LP improves overall 
protein utilization. 
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INTRODUCTION 
Several researchers have reported that when turkey toms are 
subjected to moderate protein restriction during early development, 
subsequent body weight gain and feed efficiency are increased (Auckland 
et al., 1969; Auckland and Morris, I97Ia,b; Johnson and Sell, 1976; 
Moran, 1981; Oju et al., 1985). These researchers attributed this 
observation to compensatory growth. In general, these compensating toms 
consumed about the same total weight of feed and reached the same live 
weight at market age as optimally fed toms, but they consumed 
significantly less protein. Possible alterations in carcass 
characteristics must also be considered to determine the potential use 
of early protein restriction turkey meat production. 
Auckland and Morris (1971b) studied the effect of early protein 
restriction on carcass characteristics. They reported that dressing 
percentage and economic value of carcasses of 20-week-old toms were not 
adversely affected by restricting dietary protein to about 70% of the 
recommended level from 0 to 6 weeks of age. However, at 6 weeks of age 
there was an increase in body fat and reduced protein content. Even 
though body protein was quickly restored upon realimentation, a longer 
period was necessary for carcass fat content to return to control 
levels. 
The growth characteristics of the commercial market turkey tom 
have undergone considerable change over the past few years. Genetic 
selection pressure has been applied to increase body weight at a younger 
age to meet the rising demand for high meat yields needed for further 
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processing. Because of this change, the response of turkeys to early 
nutrient restriction has also changed. Ferket and Sell (1988) found 
that Large turkey toms restricted to 70% of National Research Council 
(N.R.C.) (1984) recommendations for protein from 10 days to 6 weeks of 
age had consistently lower body weights until 20 weeks of age than 
optimally fed toms. However, these toms had a higher relative weight 
gain and consumed less protein per weight gain, resulting in a greater 
economic return under the prevailing market conditions. In contrast, 
restricting energy to 90% of N.R.C. (1984) recommendations did not 
adversely affect body weight at 20 weeks of age, but it was not 
economically beneficial. Ferket and Sell (1988) also found that 
increasing the level of fat in the realimentation diet significantly 
increased body weight gain and feed efficiency, independently of the 
level of early protein or energy nutrition. 
Concurrent with the recording of production data (Ferket and Sell, 
1988), data on carcass characteristics, as influenced by early 
restriction of dietary protein and (or) energy, were determined. This 
information will be the subject of this paper. 
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MATERIALS AND METHODS 
Large White Nicholas male poults were reared to 10 days of age on 
a starter diet formulated according to N.R.C. (1984) recommendations. 
They were randomly distributed among 32 floor pens of 28 poults each, 
and assigned to one of eight feed regimens as described by Ferket and 
Sell (1988). 
The experiment was designed to have a restriction period (from 10 
days to 6 weeks of age) and a realimentation period (from 6 to 20 weeks 
of age). During the restriction period, the poults were assigned to 
four dietary treatments of eight replicate pens, consisting of a 
factorial arrangement of two levels of protein [100% (HP) or 70% (LP) of 
N.R.C. (1984) recommendations for crude protein] and two levels of 
energy [100% (HE) or 90% (LE) of N.R.C. (1984) recommendations for 
energy]. During the realimentation period, each of the four restriction 
period treatment groups were divided and fed diets containing either 4% 
or 8% total dietary fat. Hence, there were four replicate pens for each 
of the eight feed regimens. Caloric density of the diets increased 
commensurate with the level of fat supplementation. All rations were 
formulated by least-cost, linear programming and were made available to 
the turkeys ad libitum in mash form (Ferket and Sell, 1988). 
Body weight and feed consumption data were recorded for each pen 
at two-week intervals until 20 weeks of age. At 5, 12, and 20 weeks of 
age, three toms were sampled from each replicate pen for carcass 
evaluation. Toms were weighed, fasted for 18 hours, then weighed, 
killed by exsanguination and weighed. Toms were then immersed in 60 C 
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water for 2 minutes, deplumed, and weighed again. Blood and feather 
weights for each bird were calculated by body weight difference. The 
breast skin and the two principal breast muscles from both sides of each 
torn were carefully dissected and weighed. Weights of the liver, heart, 
gizzard, and intestines, and the length of the shank were also recorded. 
All the parts were returned with their respective bodies and the three 
birds from each replicate pen were put into plastic bags and stored at -
20 C for later mincing and proximate analysis. 
Frozen turkey carcasses were cut into sections by using a band saw 
(Butcher Boy 0299), Laser Manufacturing Co., Inc.) and then passed 
through a mechanical grinder (Buffalo 66BX) three times: first through 
a 2.5 cm die, then through .7 cm die, and finally through a .3 cm die to 
get adequate mixing and the desired fineness. A 300 g representative 
sample was taken from each replicate batch. Two 4 g subsamples from 
each of these samples was placed in an oven at 100 C for 48 hours to 
obtain estimates of % dry matter. Another 50 g subsample was pulverized 
by freeze-grinding using liquid nitrogen, lyophilized, ground, and 
finally oven dried. This elaborate sample preparation was done to 
minimize replicate error due to bone chunks. The dry pulverized samples 
weighing 4 g, 2 g, and .2 g were taken in duplicate for analysis of 
ether extract, ash, and crude protein, respectively. Ash was determined 
by heating samples to 600 C in a muffle oven for 12 hours. Crude 
protein was determined by the Kjeldahl method using a Kjeltec 1028 
distilling unit. 
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Data collected at 6 weeks of age were evaluated statistically by 
two-factor analysis of variance to ascertain the main and interaction 
effects of dietary protein and energy. Data collected at 12 and 20 
weeks of age were evaluated by a three-factor analysis of variance to 
ascertain the carry-over effects of early protein and energy nutrition, 
and the main effect of fat in the realimentation diet. 
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RESULTS AND DISCUSSION 
Dietary treatment had a significant influence on body weight 
measured at 6, 12, and 20 weeks of age (Table 1). Early protein 
restriction reduced 6-week body weight and continued to have a 
significant carry-over effect until 20 weeks of age. Body weight of the 
LP-fed toms was consistently 300 to 400 g less than HP-fed toms. Early 
energy restriction also significantly reduced 6-week body weight; 
however, there were no significant carry-over effects on 12- or 20-week 
body weights. Regardless of the level of early protein and (or) energy 
nutrition, the level of fat in the realimentation diet had a highly 
significant influence on body weight. In agreement with the literature, 
body weight increased significantly as the level of dietary fat 
increased (Potter et al., 1974; Sell and Owings, 1981; 1984). Toms fed 
diets containing 8% fat weighed 4.5% and 3.2% more at 12 and 20 weeks of 
age, respectively, than those fed diets containing 4% fat. 
Dietary treatment effects on carcass composition are presented in 
Table 2. Early protein restriction resulted in a significant increase 
in percent dry matter and fat content of the carcasses at 6 weeks of 
age. Apparently, the increase in % body fat was partially at the 
expense of body water. Percent protein and ash content were not 
affected by the level of dietary protein, but on a dry matter basis, 
these components decreased significantly as the level of dietary protein 
decreased. Similar results were observed in other experiments where 
poults were fed low protein diets (Donaldson et al., 1958; Auckland and 
Morris, 1971b). In contrast, early energy restriction resulted in a 
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Table 1. Effect of early dietary protein and (or) energy restriction 
on body weight and feed/gain ratio of toms given high and 
low fat realimentation diets 
lOd-6 wks 6-20 wks Body weight, kg 
Treatment Dietary fat. % g ^ks* 12 wks^ 20 wks^ 
HP-HE 4 2.21 7.2 14.4 
8 -- 7.8 14.9 
HP-LE 4 1.90 7.1 14.5 
8 -- 7.3 14.7 
LP-HE 4 1.71 6.8 14.0 
8 7.4 14.6 
LP-LE 4 1.65 7.1 13.7 
8 -- 7.0 14.3 
Source of Variation 
Protein level (lOd-6 wks) *** * *** 
Energy level (lOd-6 wks) *** NS^ NS 
Fat level (6-20 wks) -- * *** 
Interactions ***d *e NS 
SEwf .017 .14 .13 
^Means of 8 pens of ca^. 30 birds/pen. 
'^Means of 4 pens of ca. 25 birds/pen. 
^NS = not significant. 
"^Protein x energy interaction. 
^Energy x fat interaction. 
^SEM = Standard error of the mean with 25 and 21 degrees of 
freedom at 6 wks, and 12 and 20 weeks of age, respectively. 
*P<.05. 
**P<.01. 
***P<.005. 
Table 2. Effect of early dietary protein and (or) energy restriction on carcass composition of 
toms fed high and low fat realimentation diets^ 
lOd-6 wks 
Treatment 
6-20 wks 
Dietary 
fat, % 
6 weeks of aqe^ 12 weeks of aqe^ 20 weeks of age c 
Fat Pro­tein Ash DM Fat 
Pro­
tein Ash DM Fat 
Pro­
tein Ash 
HP-HE 4 27.6 2.3 20.4 3.7 30.6 5.2 20.9 4.1 35.6 11.6 20.0 3.4 
8 31.4 6.1 21.1 3.7 36.8 13.2 19.6 3.4 
HP-LE 4 25.9 1.9 19.6 3.5 30.2 5.3 20.7 3.5 36.1 12.4 19.6 3.3 
8 31.4 6.8 20.6 3.6 37.5 13.0 19.5 3.7 
LP-HE 4 28.0 3.8 19.4 3.6 30.1 5.4 20.3 3.9 36.0 12.8 19.1 3.4 
8 31.4 6.6 20.5 3.7 37.2 13.7 20.1 3.4 
LP-LE 4 27.5 3.6 20.0 2.6 30.4 4.1 21.2 4.5 36.0 11.6 20.2 3.6 
8 - - - - 30.8 3.8 20.8 5.0 37.0 13.3 19.4 3.4 
Source of Variation 
Protein level (lOd-6 wks) *** *** NS® NS NS NS NS NS NS NS NS NS 
Energy level (lOd-6 wks) *** *** NS NS NS NS NS NS NS NS NS NS 
Fat level (6-20 wks) f f ** *** NS NS *** *** NS^ NS 
Interactions ***' NS NS NS NS NS NS NS *9 NS 
SEM" .33 .01 .22 .07 .45 .39 .32 .22 .50 .48 .28 .15 
Values are expressed as a percent of deplumed, uneviscerated body weight. 
"Means of 8 pens of 3 toms sampled/pen. 
^Heans of 4 pens of 3 toms sampled/pen. 
"DM = Dry matter. 
^NS = Not significant. 
fprotein x energy interaction. 
^Protein x energy x fat interaction. 
"SEM = Standard error of the mean with 21 degrees of freedom. 
*P<.05. 
**P<.01. 
***P<.005. 
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significant decrease in percent dry matter and fat content of carcasses 
at 5 weeks of age. Dietary energy did not affect % protein and ash. 
Body fat content at 6 weeks of age was observed to be the major 
component affected by the level of protein and energy nutrition. This 
observation indicates that alterations in the level of dietary protein 
or energy affect energy balance. The intimate relationships of dietary 
protein and energy with energy balance and body fat content demonstrate 
an interesting contrast. On the one hand, diets containing normal to 
high levels of energy and low levels of protein forced birds to consume 
an excessive amount of energy to meet protein requirements. 
Consequently, % body fat increased (Bartov and Bornstein, 1976). On the 
other hand, diets containing relatively low levels of energy and normal 
to high levels of protein forced birds to consume an excessive amounts 
of protein to meet energy requirements, which in turn forced birds to 
pay the energy cost of catabolizing excess protein. Consequently, % 
body fat decreased (Donaldson et al., 1958; Summers et al., 1965; Deaton 
et al., 1974). 
The interdependency of dietary protein and energy was demonstrated 
by the significant protein X energy interaction effect on % body dry 
matter, and crude protein. The protein restricted toms had 
proportionally more body protein when fed the low energy diet than those 
fed the optimum level of energy. The opposite relationship was apparent 
with toms fed the optimum level of protein. Balloun et al. (1959) also 
found a significant protein X energy interaction effect on carcass 
protein content. 
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Early protein or energy restriction did not have a significant 
carry-over effect on carcass composition of 12- week-old toms. However, 
a significant protein X energy interaction effect on percent body fat 
was evident at 12 weeks of age. There were no carry-over effects of 
early protein or energy restriction at 20 weeks of age, indicating that 
normal body composition had been restored during realimentation. Other 
experiments studying early protein restriction of turkeys have also 
reported a restoration of normal body composition at market age 
(Auckland and Morris, 1971b; Yates et al., 1976; Oju et al., 1985). 
Body fat in turkeys has been shown to increase as caloric intake, 
by the inclusion of supplemental fat in the diet, increases (Moran, 
1978; 1982). Similarly, the data of this experiment show that % body 
fat at 12 and 20 weeks of age increased about one percentage point as 
the level of fat in the realimentation diet increased from 4% to 8%. 
Total body fat accounted for about 50% of the body weight difference 
between toms fed the 4% and 8% realimentation diets. The level of fat 
in the realimentation diets did not influence the proportion of body 
protein or ash. Hence, lean tissue constituted the remaining body 
weight difference between toms fed diets containing 4% or 8% fat. 
Early protein restricted toms did not recover their growth 
deficits by 20 weeks of age as completely as the early energy restricted 
toms did. However, Ferket and Sell (1988) showed that the protein 
restricted toms did have a higher relative weight gain and consumed less 
protein per weight gain than toms fed the higher level of protein during 
early growth. In contrast, the early energy restricted toms consumed 
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more protein per weight gain than toms fed the higher level of energy. 
This observation is evidence that protein utilization was improved by 
early protein restriction but not by early energy restriction. 
The effect of early protein restriction on conversion of dietary 
protein into carcass protein is illustrated by the data in Table 3. 
During the restriction period (10 days to 6 weeks of age), the smaller 
amount of protein consumed by the protein restricted toms was deposited 
in the carcass more efficiently than the larger amount consumed by toms 
fed the higher level of protein. Auckland and Morris (1971b) observed 
the same response in toms fed 19.8% versus 28.9% crude protein diets 
from 0 to 6 weeks of age. They hypothesized that this response was a 
consequence of diminishing returns as protein intake was increased. 
In this experiment, the protein restricted toms continued to 
deposit protein more efficiently during the realimentation period than 
the fully-fed toms; however this effect was dependent upon the stage of 
realimentation. During the initial stage of realimentation (6 to 12 
weeks of age), the protein restricted toms consumed significantly less 
protein and deposited it in the carcass more efficiently than toms fed 
the higher level of protein. During the latter stage of realimentation 
(12 to 20 weeks of age), the protein restricted toms still consumed less 
protein than those fed the higher level of protein, but protein 
utilization was not significantly improved. By coupling the advantage 
in protein utilization observed during the restriction period with the 
advantage during realimentation, it was clear that the early protein 
restricted toms required less dietary protein to produce a given amount 
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Table 3. Effect of early dietary protein restriction on protein 
consumption, total carcass protein, and protein conversion 
of toms® 
Protein level 
% of N.R.C. 
10 days-6 weeks 
100 70 
P-Value SEM^ 
Protein consumption, kg/tom 
10 days-6 weeks .88 .57 *** .006 
6-12 weeks 2.80 2.62 *** .003 
12-20 weeks 4.34 4.28 * .005 
6-20 weeks 7.14 6.90 •kick .087 
lOd-20 weeks 8.02 7.47 *** .086 
Carcass protein, kg/tom 
10 days .03 .03 NS^ .002 
6 weeks .41 .33 *** .008 
12 weeks 1.53 1.46 * .015 
20 weeks 2.88 2.79 * .050 
Protein Consumed/ 
Carcass protein gain 
10 days-6 weeks 2.31 1.90 *** .040 
6-12 weeks 2.50 2.32 *** .015 
12-20 weeks 3.21 3.22 NS .030 
6-20 weeks 2.89 2.80 ** .037 
10 days-20 weeks 2.81 2.71 ** .035 
^Means of 16 pens of ca^. 25 toms/pen. 
^SEM = Standard error of the mean with 25 degrees of freedom. 
^NS = Not significant. 
*P<.05. 
**P<.01. 
***P<.005. 
89 
of body protein than did toms fed the control diet throughout the 10-day 
to 20-week age period. 
As an animal grows from conception to maturity, its body 
composition and proportions change. This change occurs because 
different tissues and organs of the body grow at different rates as the 
whole body grows (Beitz, 1985). Dietary manipulation may influence 
tissue and organ growth patterns. Data on the dietary treatment effects 
on the body proportion of shank length, breast muscle and breast skin to 
estimate bone, muscle and skin growth, respectively, are presented in 
Table 4. Data on the relative weights of liver, gizzard, intestine, and 
heart, which estimate the proportionality of metabolic, digestive, and 
circulatory organs, are presented in Table 5. 
Shank length is a typical estimate of frame size and skeletal 
development in poultry. At 6 weeks of age, shank length was 
proportionally increased by early protein restriction, but returned to 
normal proportions at 12 and 20 weeks of age. Auckland and Morris 
(1971b) observed a similar relationship between early protein 
restriction and shank length. These data show that during early protein 
restriction normal skeletal development proceeded even though the 
development of other body tissues was reduced. Moreover, there was no 
discernible carry-over effect of protein restriction on "normal" 
proportional skeletal development during realimentation. 
Early energy nutrition did not influence shank proportionality at 
6 weeks of age. However, the significant protein X energy interaction 
effect on 6-week shank length suggests that toms fed an adequate level 
Table 4. Effect of early dietary protein on shank length and breast muscle and breast skin 
weights of toms fed high and low fat realimentation diets® 
lOd-6 wks 
Treatment 
6-20 wks 
Dietary 
fat, % 
6 weeks of age 
Breast Shank 
length Muscle Skin 
12 weeks of age 
Shank Breast 
20 weeks of age 
Shank Breast 
length Muscle Skin length Muscle Skin 
HP-HE 4 6.4 20.2 .84 3.1 22.5 1.05 1.5 25.1 1.91 
8 2.9 22.3 1.07 1.4 25.7 1.93 
HP-LE 4 7.4 20.2 .92 3.1 22.8 1.07 1.5 25.4 2.02 
8 — 3.0 22.7 1.17 1.5 24.9 2.06 
LP-HE 4 8.1 19.2 1.0 3.2 21.7 1.15 1.5 24.6 1.91 
8 — 3.0 20.3 1.17 1.4 24.8 1.68 
LP-LE 4 8.0 18.4 .89 3.2 22.3 .98 1.6 24.2 1.68 
8 — 3.0 21.9 1.11 1.4 25.2 1.89 
Source of Variation 
Protein level (lOd-6 wks) *** *** •k NS^ * NS NS NS 
Energy level (lOd-6 wks) NS NS NS NS NS NS NS NS NS 
Fat level (6-20 wks) — —  — — — — * NS * * NS NS 
Interactions NS NS NS NS NS NS NS 
SEMf .22 .30 .03 .08 .61 .05 .03 .06 .09 
Breast muscle and breast skin weights are expressed as a percent of fasted live body weight, 
and shank length is expressed as cm/kg fasted live body weight. 
^Means of 8 pens of 3 toms sampled/pen. 
^Means of 4 pens of 3 toms sampled/pen. 
"NS = Not significant. 
^Protein x energy interaction. 
fSEM = Standard error of the mean with 21 degrees of freedom. 
*P<.05. 
**P<.01. 
***P<.005. 
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of protein were more sensitive to energy restriction than toms fed the 
protein restricted diets. Increasing the level of fat in the 
realimentation diets resulted in a significant decrease in shank length 
relative to live body weight at 12 and 20 weeks of age. This effect of 
fat was largely an indirect effect of increasing body weight. 
Breast muscle mass occupies the largest proportion of body mass in 
comparison to all other body parts, and its growth accounts for a large 
portion of the body protein gain. Therefore, treatment effects that 
affected body protein gain and protein utilization also affected the 
breast. Early protein restriction significantly reduced the proportion 
of breast at 6 weeks of age. This effect carried-over to 12 weeks of 
age. By 20 weeks, breast muscle yield of the protein restricted toms 
was restored to the normal proportion. This restoration corresponded 
with the improvement in protein utilization observed during the 
realimentation period. Early protein restriction apparently delayed 
muscle development without affecting skeletal development. This has 
important implications because skeletal growth determines the ultimate 
length of individual muscles and thus is a major determinant of total 
muscle mass (Beitz, 1985). 
Early energy restriction or the level of fat in the realimentation 
diet did not influence the proportion of breast muscle at any age. 
Percentage breast skin weight at 6 weeks of age was increased by 
early protein restriction, and was also influenced by the energy content 
of the diet as indicated by the significant protein X energy effect. 
The proportion of breast skin paralleled body fat content, apparently 
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because of subcutaneous fat deposition. For the same reason, the 
proportion of breast skin increased as the level of fat in the 
realimentation diets increased. Early protein or energy restriction did 
not have a significant carry-over effect on the proportion of breast 
skin at 12 weeks of age, but at 20 weeks of age the proportion of breast 
skin was reduced by early protein restriction. 
The treatment effects on the visceral organ weights relative to 
body weight are shown in Table 5. At 6 weeks of age, protein and energy 
restriction had slightly different main effects on visceral organ 
weights. In contrast to its effect on relative breast muscle weight, 
early protein restriction caused a significant increase in the relative 
weights of liver, gizzard, and intestine. This effect may be related 
to the high growth priority of these organs and their vital functions 
during early development. Waterlow (1968) showed that dietary protein 
restriction caused a much smaller depression in liver protein synthesis 
than in protein synthesis of less essential tissues, such as muscle. 
Protein restriction had considerably more effect on increasing 
relative liver weight than on relative gizzard or intestine weights. 
This may be related to an increase in lipogenesis and fat content in 
liver, since protein restriction also caused an increase in percent body 
fat. Relative liver size, hepatic lipogenesis and % body fat content 
are known to increase as dietary protein decreases (Yeh and Leveille, 
1969; Rosebrough and Steele, 1985). 
Contrary to the effect of protein restriction, energy restriction 
caused a significant decrease in relative liver weight at 6 weeks of 
Table 5. Effect of early dietary protein and (or) energy restriction on liver, gizzard, intestine, 
and heart weight of toms fed high and low fat realimentation diets^ 
inn fi wifc 6-20 wks 6 weeks of age^ 12 weeks of age^ 20 weeks of agef 
tre^ent Liver '«-"Hean Liver '^^l'Heart Liver '^^rHeart 
HP-HE 4 1.76 3.2 4.0 .59 1 43 2 0 3.1 .53 1.02 1.6 2.2 .47 
8 1.32 1.9 2.7 .51 .90 1.6 2.0 .47 
HP-LE 4 1.73 3.4 4.2 .60 1.46 1.9 3.2 .48 1.01 1.6 2.1 .45 
8 1.44 2.1 3.2 .49 .96 1.6 2.1 .50 
LP-HE 4 2.17 3.7 4.1 .68 1.51 2.0 3.4 .52 1.05 1.8 2.4 .48 
8 1.44 2.0 2.9 .50 .97 1.6 2.2 .46 
LP-LE 4 2.02 4.1 4.6 .59 1.44 2.1 3.1 .52 1.04 1.6 2.1 .46 
8 1.50 2.0 3 0 .52 1.01 1.6 2.2 .45 
Source of Variation 
Protein level (lOd-6 wks) *** *** * NS^ NS NS NS NS NS NS NS NS 
Energy level (lOd-6 wks) ** * *** NS NS NS NS NS NS NS NS NS 
Fat level (6-20 wks) — —  — —  —  —  —  —  NS NS *** X NS ** NS NS. NS 
Interactions NS NS NS NS NS NS NS NS 
SEM9 .03 .14 .08 .027 .050 .08 .09 .018 .033 .07 .09 .02 
.Values are expressed as a percent of live body weight. 
Means of 8 pens of 3 toms sampled/pen. 
jMeans of 4 pens of 3 toms sampled/pen. 
NS = Not significant. 
^Protein x Energy interaction. 
Energy x Fat interaction. 
^SEM = Standard error of the mean with 21 degrees of freedom. 
*P<.05. 
**P<.01. 
***P<.005. 
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age, but increased gizzard and intestine weight relative to body mass. 
The effect of dietary energy restriction on these organs was especially 
apparent when used in association with early protein restriction, as 
indicated by the significant protein X energy interaction effect. The 
effect of dietary energy or diet density on liver weight was probably 
related to lipogenesis and fat content, as was the effect of dietary 
protein restriction as discussed above. Kennedy (1957) showed that 
liver size was positively correlated with caloric intake. The energy 
effect on gizzard and intestine may have been partly related to an 
adaptation to the low energy density diet that would accommodate the 
rate of passage needed to maintain caloric intake (Savory and Gentle, 
1976a,b; Nestor et al., 1981), and partly related to differences in body 
size, independent of gut weight. 
At 12 or 20 weeks of age, neither early protein nor energy 
restriction had a significant carry-over effect on the proportion of 
body weight occupied by the visceral organs, but the level of dietary 
fat in the realimentation diet did have an effect. The relative weight 
of intestines decreased significantly at 12 weeks of age as the level of 
fat and caloric density increased, which may be partially a function of 
body size. However, other experiments have shown that gut size 
decreases as the caloric density increases (Savory and Gentle, 1976a,b; 
Nestor et al., 1981). At 20 weeks of age, the relative weight of liver 
decreased significantly as dietary fat increased. This fat effect on 
relative liver weight may be related to the advantage dietary fat gives 
to growth and feed efficiency, and the degree of lipogenesis. The 
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advantage of dietary fat is mostly due to the relatively inefficient 
process of lipogenesis, as restricted to the liver, is bypassed (Borron 
and Britton, 1977; Fuller, 1980). Increasing the level of dietary fat 
has been reported to depress hepatic lipogenesis in growing chicks (Yeh 
and Leveille, 1969; Tanaka et al., 1979; 1983) and to depress 
lipogenesis and liver weight in turkey hens (Rosebrough et al., 1981). 
The considerable degree of flexibility turkey toms have in 
adapting to dietary circumstances was demonstrated in this experiment. 
Toms seem to adapt by making adjustments in metabolism to preserve 
normal body composition and tissue proportionality. Early protein or 
energy restriction significantly altered body composition (mainly body 
fat) and the proportionality of key organs at 6 weeks of age. However, 
upon realimentation, normal body composition and organ proportionality 
was restored by 12 and 20 weeks of age. 
Toms responded more favorably to early protein restriction than 
early energy restriction. Even though the protein restricted toms did 
not fully recover the body weight deficits by 20 weeks of age as the 
energy restricted toms did, carcass quality was not adversely affected. 
Furthermore, protein restricted toms had better protein utilization than 
optimally fed toms, or energy restricted toms. This improvement in 
protein utilization occurred during the period of protein restriction 
and during the initial stage of realimentation. Perhaps excess body fat 
accrued during the restriction period was mobilized early in the 
realimentation period to support the increased protein deposition, 
thereby improving protein utilization. The validity of this hypothesis 
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is based on the assumption that dietary energy is the most limiting 
nutrient in the N.R.C. (1984) recommendations. 
The assumption that the N.R.C. (1984) energy recommendations is 
too low for the large turkey may also explain the favorable effect of 
supplemental fat in the realimentation diets. Increasing the fat level 
and allowing caloric density to increase caused body weights to increase 
independently of early plane of nutrition. Body fat accounted for about 
50% of the body weight difference between toms fed the 4% or 8% fat 
diet. The remaining 50% difference must have been associated with lean 
tissue, suggesting that the N.R.C. (1984) recommendations for dietary 
energy may be too low in relation to the protein recommendations for the 
growing turkey tom 6 weeks of age or older. 
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SECTION III. EFFECT OF SEVERITY OF EARLY PROTEIN RESTRICTION 
AND REALIMENTATION ON LARGE TURKEY TOMS. 1. PERFORMANCE 
CHARACTERISTICS AND LEG WEAKNESS 
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ABSTRACT 
Four levels of dietary protein (P) [100%, 80%, 70%, or 60% of 
National Research Council (N.R.C.) (1984) recommendations] were fed as 
isocaloric diets ad libitum from 1 to 6 weeks of age. Subsequently, the 
four treatment groups were fed according to N.R.C. (1984) 
recommendations to 20 weeks of age. As the level of P decreased, body 
weight at 6 weeks decreased (2.23, 1.94, 1.63, and 1.39 kg, P<.005) and 
1- to 6-weeks feed/gain increased. Weight gain from 6 to 20 weeks of 
age was the same for all treatment groups. Consequently, a significant 
carry-over effect of early P restriction on body weight was still 
evident at 20 weeks of age (15.5, 15.2, 14.9, and 14.5, P<.005). Feed 
consumption decreased linearly through 16 weeks of age as the level of P 
decreased. Feed/gain ratios from 6 to 20 weeks of age improved 
significantly as the level of P decreased. Cumulative feed/gain from 1 
to 20 weeks of age was not affected by P; however total feed costs 
decreased substantially. Early protein nutrition at the 60% or 70% 
level of P resulted in more than a 60% decrease in the incidence of toms 
exhibiting severe leg weakness at 18 weeks of age than the 100% level of 
P. 
The results of this experiment indicate that toms have limited 
ability for compensatory weight gain within the realimentation time 
allowed, regardless of the level of P fed from 1 to 6 weeks; however, 
significant savings in feed and reduced leg weakness may be economically 
beneficial when P was restricted to at least 70% of the N.R.C. (1984) 
recommendations. 
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INTRODUCTION 
Early protein restriction has been shown to have a favorable 
effect on the performance of medium- and small-type turkey toms. 
Several years ago, Auckland et al. (1969) and Auckland and Morris 
{1971a) fed medium-type turkey toms about 70% of the protein required 
for maximum growth rate from 0 to 6 weeks of age and found that 
subsequent body weight gain and feed efficiency were greater than that 
of fully-fed toms. Moreover, carcass quality at market age was not 
adversely affected by this degree of early protein restriction (Auckland 
and Morris, 1971b). Moran (1981) reported similar results with small-
type turkey toms after they were subjected to moderate protein 
restriction during early development. 
Early protein restriction apparently has a greater carry-over 
effect on large-type turkey toms, that are currently preferred by the 
industry, than the medium- or small-type turkeys preferred formerly. 
Recently, Ferket and Sell (1988a) reported that large-type turkey toms 
fed diets containing 70% of the N.R.C. (1984) recommended level of 
protein from 10 days to 6 weeks of age were unable to fully recover the 
body weight deficit incurred during the restriction period by 20 weeks 
of age. However, they observed that the protein restricted toms 
consumed significantly less protein per body weight gain over the entire 
experiment than fully-fed toms, resulting in a greater economic return 
under the prevailing market conditions. Furthermore, the protein 
restricted toms were more alert and mobile than fully-fed toms and 
seemed to have fewer leg weakness problems. More research on the effect 
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of early protein restriction on the incidence of leg weakness is 
necessary to confirm this observation. 
Other researchers have observed that large-type turkey toms 
subjected to moderate dietary protein restriction during early 
development did not exhibit compensatory weight gain until they were 
more than 20 weeks of age (Auckland, 1972; Johnson and Sell, 1976; Oju 
et al.» 1985). Auckland (1972) hypothesized that compensatory gain in 
large-type turkey toms may not begin until too late for recovery of body 
weight by normal market age. Several years ago, Wilson and Osbourn 
(1960) stated that the severity of undernutrition is one of the key 
factors that govern an animal's ability to have compensatory weight gain 
and ultimately recover from the effects of early growth restriction. 
This statement was confirmed by experiments on the effect of severity of 
protein restriction in turkeys (Johnson and Sell, 1976), and broiler 
chickens (Washburn and Bondari, 1978). The objective of the experiment 
reported herein was to determine the effects of severity of early 
protein restriction on subsequent performance of large-type turkey toms. 
The treatment evaluation was on performance characteristics and the 
incidence of leg weakness. 
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MATERIALS AND METHODS 
Large-White, Nicholas male poults were reared to 7 days of age on 
a starter diet formulated according to N.R.C. (1984) recommendations. 
Then, the poults were weighed, wing banded, randomly distributed among 
32 floor pens, and assigned to one of four feed regimens. The 
experiment was divided into two periods: a restriction period, from 1 
to 6 weeks of age, and a subsequent realimentation period, from 6 to 20 
weeks of age. During the restriction period, the poults were fed 
isocaloric diets containing 100%, 80%, 70%, or 50% of the N.R.C. (1984) 
recommended level of protein. These experimental diets are shown in 
Table 1. During the realimentation period, all of the turkeys were fed 
according to N.R.C. (1984) recommendations for protein and these diets 
are shown in Table 2. All rations were formulated by using least-cost, 
linear programming with prices of primary feedstuffs prevailing at 
Chicago delivery on August 11, 1986 (Feedstuffs, 1986). Reduction of 
dietary protein was attained by substituting oats or oat hulls for corn 
and soybean meal, such that essential amino acid content relative to 
protein concentration was not altered appreciably. All diets were 
available to the toms ad 1ibitum in mash form. 
All the toms were housed in total confinement (from September 
through February, 1986) on wood shavings litter and given about .32 m^ 
floor space per tom. The toms were exposed to incandescent light for 24 
hours per day at about 30 lux for the first 10 weeks of age, and at 
about 15 lux thereafter. Room temperature was maintained at about 25 C 
from starting to 6 weeks of age, about 20 C from 6 to 12 weeks, and 
Table 1. Composition of experimental rations fed to toms during the restriction period 
Percent of N.R.C. (1984) 
Starter (1-3 wks) Grower I (3-6 wks) 
Ingredient 100 80 70 60 100 80 70 60 
Corn 42.18 42.54 57.48 62.41 46.08 50.15 52.40 54.39 
Oats — — 15.00 — — — - — - 10.35 15.31 20.72 
Oat hulls — — 6.86 8.80 — — — — — — — — 
A-V Fat 2.39 2.14 2.34 2.19 2.93 2.59 2.41 2.24 
Soybean Meal (48%) 47.45 32.95 25.88 19.00 46.32 32.05 24.94 17.74 
Fish Meal (60%) 2.50 2.50 2.50 2.50 — — — — — — — — 
Meat & Bone Meal (50%) 1.06 — — — — - — — — 
DL-Methionine .23 .16 .10 .10 .08 .05 .03 .02 
L-Lysine — — .07 .10 .19 .02 .11 .15 .20 
Dicalcium Phosphate 1.81 2.13 2.21 2.27 2.12 2.25 2.31 2.37 
Limestone 1.51 1.64 1.63 1.64 1.78 1.79 1.80 1.67 
Salt (NaCl) , .07 .07 .10 .10 .07 .06 .05 .05 
Vitamin Premix, .30 .30 .30 .30 .30 .30 .30 .30 
Mineral Premix .30 .30 .30 .30 .30 .30 .30 .30 
Furox-50 .20 .20 .20 .20 
100 100 100 100 100 100 100 100 
The vitamin premix supplies A following per kilogram of complete feed: Vitamin A, 5000 
lU; vitamin D3, 1500 lU; vitamin E, 12 ID; vitamin B12, 11 wg; vitamin k, 1.8 mg; riboflavin, 
2.7 mg; pantothenic acid, 7 mg; niacin, 75 mg; niacin, 75 mg; choline, 509 mg; folic acid, 
.55 mg; biotin, 75 yq; santoquin, 45 mg. 
^The mineral premix supplies the following per kilogram of complete feed: manganese 
(Mn SO^-HpO), 70 mg; zinc (ZnO), 40 mg; iron [Fe3(S0a)2'7H20], 37 mg; copper (CUSO4), 6 mg; 
selenium LNa2(Se03)], .15 mg; iodized NaCl, 2.60 g. 
Table 1. (Continued) 
Percent of N.R.C. (1984) 
Starter (1-3 wks) Grower I (3-6 wks) 
100 80 70 60 100 80 70 60 
Calculated Analysis 
Crude Protein, 29.2 22.8 19.2 16.6 26.5 21.4 18.6 15.6 
Kcal ME/kg 2900 2900 2900 2900 2954 2950 2950 2950 
Crude Fiber, % 2.83 3.81 4.26 4.66 2.82 3.58 3.94 4.35 
Ether Extract, % 4.68 4.74 5.00 5.00 5.00 5.00 5.00 5.00 
TSAAd, % 1.10 .88 .74 .66 .90 .72 .63 .54 
L-Lysine, % 1.70 1.36 1.15 1.02 1.55 1.24 1.08 .93 
Cost, 2/kg 13.9 12.3 n.i 10.5 12.3 10.9 10.2 9.5 
^Crude protein determined by the Kjeldahl method. 
^TSAA = Total sulfur amino acids. 
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Table 2. Composition of experimental rations fed to toms during the 
realimentation period 
Ingredient Grower II 6-8 wks 
Grower III 
8-12 wks 
Developer 
12-16 wks 
Finisher 
16-20 wks 
Corn 46.08 55.06 59.28 67 .39 
Soybean Meal (48%) 46.32 34.09 29.23 20 .63 
Meat & Bone Meal (50%) — — 2.41 2.50 2 .50 
A-V Fat 2.93 4.59 5.52 6 .00 
DL Methionine .08 .12 .11 .09 
L-Lysine .02 .09 - '  
Dicalcium Phosphate 2.12 1.77 1.23 1 .47 
Limestone 1.78 1.27 1.53 1 .32 
Vitamin Premix. .30 .30 .30 .30 
Mineral Premix .30 .30 .30 .30 
Salt (NaCl) .07 — — — — -
100 100 100 100 
Calculated Analysis 
Crude Protein, %^ 26.5 23.10 19.3 16 .2 
Kcal ME/kg 2954 3150 3250 3357 
Crude Fiber, % 2.82 2.61 2.51 2 .36 
Ether Extract, % 
TSAAd, % 
5.00 7.00 8.00 8 .68 
.90 .80 .70 .60 
L-Lysine, % 1.55 1.30 1.05 .82 
Cost, i/kq 12.3 11 3 10.3 9 .4 
The vitamin premix supplies the following kilogram of complete 
feed: Vitamin A, 5000 lU; vitamin D3, 1500 lU; vitamin E, 12 lU; 
vitamin B]2, H ug; vitamin k, 1.8 mg; riboflavin, 2.7 mg; pantothenic 
acid, 7 mg; niacin, 75 mg; choline, 509 mg; folic acid, .55 mg; biotin, 
75 ug; santoquin, 45 mg. 
^The mineral premix supplies the following per kilogram of com­
plete feed: manganese (MnS04-H20), 70 mg; zinc (ZnO), 6 mg; selenium 
[Na2(Se03)], .15 mg; iodized NaCl, 2.60 g. 
^Crude protein determined by the Kjeldahl method. 
^TSAA = Total sulfur amino acids. 
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about 16 C thereafter. Supplemental brooding heat was provided by 
infrared lamps. 
Body weight and feed consumption data were recorded at 3, 6, 8, 
10, 12, 16, and 20 weeks of age. Toms from treatment groups that did 
not attain the 20-week body weight equivalent to that of the control 
toms (those fed at the 100% of N.R.C. (1984) level of protein) were kept 
on the experiment until they achieved that weight. The additional feed 
consumed and time required were recorded. 
At 18 weeks of age, the incidence of leg weakness was recorded by 
eight people, using a scoring system. The percentage of toms in the pen 
exhibiting any type of leg abnormality or leg weakness was recorded 
under three categories: slight, moderate, and severe. Toms categorized 
as having "slight" leg weakness were those that were able to walk freely 
upon prompting, but had a distinct limp or abnormal gait. Toms 
categorized as having "moderate" leg weakness were those that were 
reluctant to walk upon prompting and they had a more distinct limp or 
abnormal gait than toms categorized as "slight". Finally, toms 
categorized as having "severe" leg weakness had great difficulty to walk 
without struggling. These toms would have been culled under practical 
management conditions, or would have been seriously down graded at the 
processing plant. The type of leg abnormality causing the leg weakness 
was not classified because of the great variation in symptoms. 
All data were analyzed statistically according to the General 
Linear Models procedure for the analysis of variance and regression 
analysis (Goodnight et al., 1982). A completely randomized block design 
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was utilized with the experimental unit consisting of the pen average 
values. Data obtained during the restriction period were evaluated for 
the direct effect of early protein nutrition, and data obtained during 
the realimentation period were evaluated for the carry-over effect of 
early protein nutrition. Percentage values describing the incidence of 
leg weakness and mortality were transformed (arc sine /%") prior to 
statistical analysis (Snedecor and Cochran, 1980). 
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RESULTS AND DISCUSSION 
As anticipated, the severity of protein restriction had a highly 
significant effect on poult performance (Table 3): the greater the 
protein restriction, the more severe the growth reduction. Regression 
analysis of the data indicated a quadratic relationship between the 
degree of protein restriction and body weight, which demonstrated a 
diminishing growth response to increasing dietary protein intake. 
Concurrently, feed consumption decreased linearly as the the level of 
protein nutrition decreased, but the amount of feed consumed per gain of 
body weight increased. Apparently, the toms attempted to compensate for 
the decreasing level of protein in the diet by increasing feed 
consumption, which led to an over-consumption of dietary energy relative 
to body weight gain. Proximate analysis of toms sampled at 6 weeks of 
age indicated that percent body fat increased significantly as the level 
of protein nutrition decreased, suggesting that much of the excess 
energy consumed by protein restricted toms was converted to body fat 
(Ferket and Sell, 1988c). Despite the tom's attempt to satisfy their 
protein requirements by increasing feed consumption, the amount of 
protein consumed per body weight gain decreased significantly as the 
level of dietary protein decreased, but there was no additional 
advantage of restricting protein below the 70% recommended level of 
N.R.C. (1984). The response of body weight, and feed, energy and 
protein efficiency observed in this experiment agree with several other 
experiments involving moderate protein restriction of young turkey toms 
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Table 3. Effect of severity of protein restriction on the performance 
of turkey toms from 1 to 6 weeks of age® 
Protein Body K 
level weight Feed,G Feed/ Protein/ ME/ 
% of at 6 kg gainc gaind gain® 
N.R.C. wks, kg 
100 2.23 3.54 1.63 443 4801 
80 1.94 3.26 1.73 382 5098 
70 1.64 2.98 1.90 362 5580 
60^ 1.39 2.88 2.16 359 6353 
SEN: .01 .02 .01 2.4 23.9 
Probabilities of Significance 
Protein effect *** *** *** *** *** 
Linear *** *** *** *** *** 
Quadratic *** NS9 *** *** *** 
^Average of eight pens of 28 toms/pen. 
'^Feed consumption/torn. 
^Feed consumption/body weight gain. 
^g protein consumption/kg body weight gain. 
®Kcal metabolizable energy consumption/kg body weight gain. 
^SEM = Standard error of the mean with 25 degrees of freedom. 
^NS = Not significant. 
***P<.005. 
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(Auckland et al., 1969; Auckland and Morris, 1971a,b; Oju et al,, 1985; 
and Ferket and Sell, 1988a). 
Early protein restriction had a significant carry-over effect on 
the performance of toms during realimentation. In general, body weights 
of the protein restricted toms were consistently less than those of the 
fully-fed control toms (Table 4). Body weight differences among the 
protein treatment groups observed at 6 weeks of age continued to be 
about the same until 20 weeks of age. In other words, the treatment 
groups had parallel growth curves during realimentation, and body weight 
gain during realimentation was not significantly affected by the level 
of early protein nutrition. Furthermore, the level of early protein 
restriction did not alter subsequent growth characteristics. The 
significant quadratic relationship between the level of early protein 
nutrition and body weight not only persisted throughout realimentation, 
but the linear and quadratic coefficients did not change significantly 
as the toms aged (Table 5). Analysis of variance of body weight data 
for the realimentation period indicated that these regression curves 
were not significantly different. 
The growth data of this experiment strongly suggest that 
compensatory growth did not occur during the realimentation time 
allowed, and that the severity of early protein restriction had no 
influence on the ability of these toms to exhibit compensatory weight 
gain. Using the same facility and management as in the present 
experiment, Ferket and Sell (1988a) also concluded that toms restricted 
to 70% of N.R.C. (1984) level of dietary protein exhibited minimal 
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Table 4. Effect of severity of early protein restriction on subsequent 
body weight, body weight gain and relative body gain of toms® 
Protein Body weight, kg 6-20 weeks 
USSW3, at 
% of 8 10 12 16 20 gain, weight . 
N.R.C. kg gain/day 
100 3.95 
80 3.71 
70 3.32 
60^ 3.00 
SEMf .032 
5.99 8.10 
5.70 7.82 
5.31 7.41 
5.94 7.01 
.042 .054 
11.34 15.46 
11.14 15.20 
10.79 14.90 
10.42 14.49 
.106 .104 
13.23 6.1 
13.26 7.0 
13.26 8.3 
13.10 9.6 
.103 .09 
Protein 
effect 
Linear 
Qua­
dratic 
*** 
*** 
*** 
*** 
*** 
*** 
Probabilities of Significance 
*** 
"kick 
*** 
NS 
NS' 
NS 
NS 
^Average of eight pens of w. 25 toms/pen. 
b(Weight at 20 weeks) - (weight at 6 weeks)/(weight at 6 weeks) 
98 days 
X 100. 
^SEM = Standard error of the mean with 25 degrees of freedom. 
"^NS = Not significant. 
*P<.05. 
**P<.01. 
***P<.005. 
Table 5, Regression of body weight (y) on the level of early protein restriction (% of N.R.C.) 
(x), and analysis of variance of body-weight from 6 to 20 weeks of age 
Weeks 
of 
age 
Regression equation 
Body weight analysis of variance 
Source of 
variation d.f, SS 
O Block 3 .78*** 
6 y = 1.5 + .06 X - .0003 
Protein 3 25.77** 
O Linear 1 24.11*** 
8 y = 1 .63 + .11 X - .0005 yC- Quadratic 1 1.56*** 
Lack of fit 1 .10 
10 y = .13 + .11 X - .0005 x^ Error (a) 25 2.60** 
p Week 5 3861.33** 
12 y = 1.68 + .12 X - .0005 yC 
Protein x week 15 .27 
O Linear x week 5 .16 
16 y = 5.44 + .12 X - .0006 yC Quadratic x week 5 .08 
Lack of fit x week 5 .02 
20 y = 9.6 + .11 X - .0005 x^ Error (b) 140 3.52 
Total 191 3894.27 
**P<.01. 
***P<.005. 
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compensatory weight gain. Other experiments have also shown that large-
type turkey toms subjected to early protein restriction had very limited 
ability to exhibit compensatory weight gain until after 20 weeks of age 
(Johnson and Sell, 1976; and Oju et al., 1985). Conversely, smaller 
turkey strains subjected to about the same degree of early protein 
restriction were able to exhibit sufficient compensatory weight gain to 
recover any body weight deficit by the market age of 20 weeks (Auckland 
et al., 1969; and Auckland and Morris, 1971a,b). These strain 
differences may be partly due to differences in growth patterns. Large 
strains continue to exhibit accelerating growth rates to a later age 
than smaller strains, and compensatory gain by large-type turkeys may 
not begin until too late for recovery of body weight by the 20-week 
market age (Auckland, 1972). 
Experiments that illustrate a compensatory growth response after 
early protein restriction essentially demonstrate that this response 
occurred chronologically late in the growth phase when the rate of body 
weight gain normally declines (Auckland et al., 1969; Auckland and 
Morris, 1971a; Johnson and Sell, 1976; Oju et al., 1985). Seemingly, 
early protein restricted toms had an accelerated body weight gain, but 
this is only because the growth rate of control toms declined as they 
approached mature body size, while that of restricted toms was 
maintained. In essence, early protein restriction merely delayed the 
normal growth pattern, which increased the number of days to target 
market weight. Note that in the present experiment the number of days 
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to a constant market weight increased linearly as the severity of early 
protein restriction increased (Table 7). 
Wilson and Osbourn (1960) suggested that compensatory growth is a 
result of a disturbance in the normal relationship between chronological 
age and physiological age. When the growth of an animal is retarded by 
a nutritional stress (e.g., dietary protein restriction), physiological 
aging proceeds at a slower rate than chronological aging. When the 
animal is realimentated, it grows at a rate appropriate for its 
physiological age rather than for its chronological age, and thus growth 
rate is greater than that expected for the chronological age. 
Erroneously, researchers who claim the occurrence of compensatory growth 
in turkey toms neglected the treatment effects on physiological age, and 
have made their conclusions based on relative body weight gain. In this 
experiment, percentage relative body weight gain during realimentation 
increased as the severity of early protein restriction increased (Table 
4). However, it would be misleading to suggest that this response 
indicates compensatory growth fier se. Rather, percentage relative 
weight gain under the current experimental conditions was related to 
physiological age: the greater the relative weight gain, the younger 
the physiological age. 
The concept of physiological age could also explain the 
significant carry-over effects of early protein restriction on feed 
consumption during the first 5 weeks of realimentation (Table 6). As 
the level of early protein nutrition decreased, feed consumption 
decreased in a quadratic function from 6 to 10 weeks and in a linear 
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Table 6. Effect of level of early protein restriction on subsequent 
feed consumption and feed efficiency of large toms® 
Protein 
level 
1-6 wks 
% of 
N.R.C. 
Feed consumption/tom/day, g 
Age period, weeks 
Feed/gain 
6-8 8-10 10-12 12-16 16-20 
6-20 
weeks 
1-20 
weeks 
100 246 339 429 461 566 3.25 3.02 
80 233 345 416 456 562 3.20 3.02 
70 • 216 326 396 445 573 3.14 3.01 
60. 201 308 397 442 570 3.13 3.05 
SEMT 2.3 5.8 5.1 6.0 8.7 .029 .025 
Probabilities of Significance 
Protein *** *** *** NS^ NS * NS 
effect 
Linear *** *** *** * NS *** NS 
Qua­
dratic *** •kic NS NS NS NS NS 
Average of eight pens of c^. 25 toms/pen. 
^SEM = Standard error of the mean with 25 degrees of freedom. 
""NS = Not significant. 
*P<.05. 
**P<.01. 
***P<.005. 
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function from 10 to 16 weeks of age. Ferket and Sell (1988a) also found 
that toms subjected to dietary protein restriction from 10 days to 6 
weeks of age had reduced feed consumption early in the realimentation 
period, and suggested that the low feed consumption was partially 
responsible for the lack of compensatory growth. They also illustrated 
that feed consumption was a function of body mass. A similar conclusion 
can be made from the present data. There was a close relationship 
between feed consumption and body weight through much of the experiment, 
regardless of the level of early protein nutrition (Figure 1). In 
contrast, Auckland et al. (1969) suggested that an increase in feed 
consumption relative to body weight was the major factor responsible for 
compensatory growth of smaller turkey strains subjected to early protein 
restriction. In the present experiment, feed consumption, relative to 
body weight, was increased only at the end of the experiment as early 
protein nutrition decreased. Therefore, compensatory growth may have 
occured had the experiment continued longer. 
The improvement in feed efficiency observed after early protein 
restriction may also be a consequence of differences in physiological 
age. Feed efficiency should be better in physiologically young animals 
than in older animals. Feed efficiency during realimentation improved 
linearly as the level of early protein nutrition decreased; however, 
there was no advantage of restricting protein to less than the 70% level 
(Table 6). Johnson and Sell (1976) also observed a linear improvement 
in feed efficiency during realimentation as the level of early protein 
nutrition decreased. Likewise, other researchers have demonstrated a 
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Figure 1. Effect of early protein nutrition (100%, 80%, 70%, or 60% 
of N.R.C. (1984) recommendations for protein) on feed 
intake in relation to body weight from 1- to 20-weeks of 
age. The seven points on each line correspond to feed 
intake and mean body weight for the periods 1-3, 3-6, 6-8, 
8-10, 10-12, 12-16, and 16-20 weeks 
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significant improvement in feed efficiency after early protein 
restriction (Auckland et al., 1969; Auckland and Morris, 1971a; Moran, 
1981; Ferket and Sell, 1988a). It must be emphasized, however, that the 
advantage of early protein restriction observed during realimentation in 
this experiment and in the experiment reported by Ferket and Sell 
(1988a) merely canceled the disadvantage observed during the restriction 
period; hence, cumulative feed efficiency was not significantly affected 
by the level of early protein nutrition. 
Economic feasibility is a necessary factor to consider in the 
evaluation of alternative feeding programs. The effect of severity of 
early protein restriction on feed costs, days to target market weight, 
and return above feed costs per torn is presented in Table 7. Because of 
a combination of reduced feed costs during the restriction period and 
the improvement in feed efficiency during realimentation, feed costs 
incurred from 1 to 20 weeks of age decreased about $.05 for each 10% 
decrement in the level of early protein nutrition. However, the savings 
in feed costs were not sufficient to overcome the penalty of reduced 
market weight, so monetary return above feed costs decreased linearly as 
the level of early protein nutrition decreased. It must be emphasized, 
however, that protein restriction to the 60% level was the only 
treatment that had significantly lower return above feed costs than the 
100% level. When the protein restricted toms were allowed additional 
days to achieve a common market weight, economic differences 
disappeared. 
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Table 7. Effect of severity of early protein restriction and 
subsequent realimentation on economic aspects of torn 
production® 
Protein Feed costs. Total days 
to constant 
market wt 
Return above feed 
level $/tom Market costs, $/tomb 
1-6 wks 
% of 
N.R.C. 
1-6 6-20 wt, kg Constant Constant 
weeks weeks age wt 
100 .45 4.22 15.46 140 5.90 5.90 
80 .37 4.16 15.20 142 5.91 5.98 
70 .31 4.09 14.90 145 5.81 5.92 
60 .28 4.02 14.49 148 5.66 5.89 
SEMC .002 .042 .104 1.0 .08 .08 
Probabilities of Significance 
Protein 
effect *** *** *** *** ** NS° 
Linear "kick *** *** *** *** NS 
Qua­
dratic NS NS NS NS * NS 
^Average of eight pens of ca^. 25 toms/pen. 
'^Return above feed costs = Market wt. x (6e#/kg) - Total feed 
costs. 
^SEM = Standard of the mean with 25 degrees of freedom. 
*^NS = Not significant. 
*P<.05. 
**P<.01. 
***P<.005. 
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The revenue received in the present experiment was considerably 
less than was observed in a similar experiment conducted in the same 
facility two years earlier (Ferket and Sell, 1988a). In the latter 
instance, it was reported that, when toms were restricted to 70% of 
N.R.C. (1984) for protein from 10 days to 6 weeks, economic return above 
feed costs was $.12 to $.19 higher than that of fully-fed toms. The 
discrepancy between these two experiments may be due to the differences 
in prevailing market conditions. In the experiment reported by Ferket 
and Sell (1988a), feed costs relative to the turkey market price were 
about 22% higher than in the present experiment. Apparently, early 
protein restriction may offer greatest economical potential when feed 
costs relative to the turkey market price are high. 
Flock morbidity and mortality has a marked effect on total flock 
revenue. Leg weakness is one of the leading causes of morbidity and 
mortality, which may amount to 10% to 12% of a flock of toms. Leg 
weakness typically becomes a serious problem during the late stages of 
growth and forces producers to cull the severely afflicted toms. Toms 
afflicted with leg weakness grow slower and have poorer feed efficiency 
than normal toms because they struggle to reach feed and water. 
Moreover, leg weakness has been the single most important factor in 
causing the trimming of carcasses, etc., and for the condemnation of 
whole carcasses (Wesley, 1985). Therefore, a decrease in the incidence 
of leg weakness would definitely be economically beneficial. 
In this experiment, the incidence of toms showing signs of leg 
weakness at 18 weeks of age generally decreased as the level of early 
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protein nutrition decreased (Table 8). There was a trend toward 
decreasing incidence of toms exhibiting slight and moderate signs of leg 
weakness as the level of early protein nutrition decreased. The 
incidence of toms showing severe signs of leg weakness, however, 
decreased more than 60% when dietary protein was restricted to at least 
the 70% of N.R.C. level during early development. This beneficial 
effect of early protein restriction on alleviating leg weakness in 
turkey toms confirms the speculations of Ferket and Sell (1988a). 
Serafin (1980) also observed a marked decrease in the incidence of leg 
weakness in greater sandhill cranes fed low protein diets. About 25% of 
the captive greater sandhill cranes fed diets containing 32% dietary 
protein developed leg abnormalities, whereas, only one crane among 40 
cranes fed a diet containing 24% protein developed a leg disorder. 
The causes of leg weakness are largely unknown, but environmental 
and dietary conditions are often considered as predisposing factors. 
Leg weakness has also been shown to be associated with rapid rate of 
growth. Wesley (1985) stated that fast growing turkey strains have a 
higher incidence of leg weakness than slower growing turkey strains, and 
suggested that growth rate may also explain why toms have more leg 
problems than hens. This concept is consistent with the reduction of 
leg weakness after early protein restriction because its major result 
was reduction of early growth rate. Moreover, this reduction in growth 
rate was associated with decreased musculature rather than altered 
skeletal development (Ferket and Sell, 1988b), indicating that skeletal 
development was not hindered by early protein restriction. 
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Table 8. Effect of level of early protein restriction on the 
incidence of slight, moderate, and severe leg weakness of 
18-week-old toms® 
Protein level Percent of total number of toms 
1-6 weeks 
% of N.R.C. Slight Moderate Severe Total 
100 
80 
70 
60. 
SEM? 
4.5 
4.4 
3.6 
3.7 
.61 
1.8 
1.8 
1.5 
1.0 
.35 
1.2 
.8 
.4 
.5 
.25 
7.5 
7.0 
5.5 
5.2 
.70 
Probabilities of Significance 
Protein level 
Linear 
Quadratic 
NS^ 
NS 
NS 
NS 
NS 
NS 
* 
*** 
NS 
NS 
•* 
NS 
^Values expressed as a percentage of toms affected in each pen 
and averaged over eight pens per treatment. 
''SEM = Standard error with 25 degrees of freedom. Statistical 
analysis is based on the arc sin >/% to transformation. 
^NS = Not significant. 
*P<.05. 
***P<.005. 
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The effect of early protein nutrition on the manifestation of leg 
weakness some 12 weeks later suggests that injury from 
disproportionately excessive body weight and (or) improper development 
of skeletal integrity could have occurred during an early phase of rapid 
development. Steinke (1971) found that heavier strain turkeys had a 
greater incidence of abnormal cartilage lesion in the tibia than a 
lighter strain; but when feed intake of these toms was restricted by 20% 
between 5 and 10 weeks of age," body weight gain and the incidence and 
severity of abnormal cartilage formation of the tibia decreased. 
Stevens and Salmon (1987) reported that high levels of protein caused 
metabolic acidosis, which could hinder skeletal integrity of young 
growing turkeys, resulting in increased incidence of leg disorders. 
Cumulative mortality observed in this experiment was 7.1 % + 1.7 
(mean + SEM). There were no significant treatment effects on mortality. 
In agreement with previous research, the experiment reported here 
demonstrated that restricting the dietary protein of large turkey toms 
from 1 to 6 weeks of age does not cause them to exhibit a classical 
compensatory growth response upon realimentation, regardless of the 
severity of the restriction. Rather, growth was delayed during the 
restriction period and resumed at a rate commensurate with the 
physiological age of the tom upon realimentation. The more severe the 
restriction, the greater the delay in pysiological development. 
Consequently, relative growth rate and feed efficiency improved as the 
severity of early protein restriction increased. 
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The advantage of early protein restriction was apparent when 
economically important factors were considered. These factors were also 
influenced by the severity of protein restriction. Feed costs decreased 
as the level of early protein nutrition decreased, primarily by savings 
in dietary protein during the restriction period and by improved feed 
efficiency during the realimentation period. However, restriction to 
the 60% of N.R.C. level of protein during early development resulted in 
a significant decrease in the monetary return above feed costs. The 
reduced leg weakness associated with early protein restriction provided 
further potential economic benefits by reduced culling, carcass 
downgrading, and (or) carcass condemnations. Restriction of early 
dietary protein at 70% of N.R.C. (1984) or lower minimized the incidence 
of leg weakness. More information on the effect of early protein 
nutrition on leg abnormalities of turkeys is needed. Information on the 
effect of severity of early protein restriction on chemical composition 
and yield of turkey carcasses as determined in this experiment is 
provided in a companion paper. 
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ABSTRACT 
Four levels of dietary protein (P) [100%, 80%, 70%, or 60% of 
National Research Council (N.R.C.) (1984) recommendations] were fed as 
isocaloric diets ad libitum from 1 to 6 weeks of age. Subsequently, the 
four treatment groups were fed according to N.R.C. (1984) 
recommendations to 20 weeks of age. Toms from all treatment groups were 
sampled at 6, 12, and 20 weeks of age and their carcasses evaluated for 
chemical composition and yield of commercial cuts. At 6 weeks, % 
carcass protein and ash were not affected by P, but % carcass fat 
increased linearly as the level of P decreased (P<.005). Breast and 
thigh meat yields decreased and skin yield increased as the level of P 
decreased; however, yields of bone and other carcass parts were not 
influenced by P. Breast and thigh meat yields, and chemical composition 
were restored to normal proportions at 12 and 20 weeks of age, 
irrespective of early protein nutrition. At 20 weeks of age, only 
breast yield was significantly reduced by 60% P (P<.05). The amount of 
dietary protein required per carcass protein gain decreased at all 
stages of growth as the level of P decreased. 
Although toms have limited compensatory weight gain, they do, in 
general, recover from the effects of early P restriction on carcass 
parts, but restriction to the 60% level may reduce breast meat yield. 
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INTRODUCTION 
There has been considerable interest in the potential of early 
protein restriction for practical turkey feeding programs. The 
advantages of early protein restriction on the efficient use of dietary 
protein has been well documented (Auckland et al., 1969; Auckland and 
Morris, 1971a,b; Ferket and Sell, 1988a,c). Furthermore, early protein 
restriction may reduce the incidence of leg weakness near market age 
(Stevens and Salmon, 1987; Ferket and Sell, 1988c). However, there is 
evidence indicating that large-type turkey toms have a very limited 
ability to exhibit a classical compensatory growth response whereby full 
recovery of body weight is achieved within the desired time period 
(Auckland, 1972; Ferket and Sell, 1988a,c). Also, the extent of 
recovery from early growth restriction is dependent upon the severity of 
the restriction imposed (Wilson and Osbourn, 1960; Johnson and Sell, 
1976). 
Recently, an experiment was conducted to determine the effects of 
severity of early protein restriction on the performance characteristics 
of large turkey toms (Ferket and Sell, 1988c). Toms were fed diets 
containing 100%, 80%, 70%, or 60% of the National Research Council 
(N.R.C.) (1984) recommendations for protein from 1 to 6 weeks of age, 
and subsequently were fed according to N.R.C. (1984) dietary 
recommendations. Body weight at 6 weeks of age decreased as the 
severity of protein restriction increased, and this relationship 
persisted until 20 weeks of age: weight gain during the 6- to 20-week 
period was statistically the same for treatment groups. Attractive 
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features, however, were an increase in overall protein efficiency and 
decrease in the incidence of leg weakness near market age as the level 
of early protein nutrition decreased. 
Carcass characteristics are important factors to consider in the 
evaluation of alternative feeding programs. Ferket and Sell (1988b) 
reported that early protein restriction may influence the 
proportionality of key tissues and organs. Concurrent with the 
recording of live performance data (Ferket and Sell, 1988c), carcass 
characteristics, as influenced by the severity of early protein 
restriction, were determined and are reported herein. 
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MATERIALS AND METHODS 
Large White Nicholas male poults were reared to 1 week of age on a 
starter diet formulated according to N.R.C. (1984) recommendations. 
Then they were randomly distributed among 32 floor pens of 30 birds 
each, assigned to one of four dietary treatments, and reared as 
described by Ferket and Sell (1988c). From 1 to 6 weeks of age, toms 
were fed isocaloric diets containing 100%, 80%, 70%, or 60% of the 
N.R.C. (1984) recommended level of dietary protein. Subsequently, all 
treatment groups were fed according to N.R.C. (1984) recommendations. 
All diets were available to the toms M libitum in mash form. 
Body weight and feed consumption data were recorded at 3, 6, 8, 
10, 12, 16, and 20 weeks of age. At 6, 12, and 20 weeks of age, two 
toms were sampled from each replicate pen for carcass evaluation. Toms 
were weighed, fasted for 18 hours, and then weighed to determine 
shrinkage. The toms were stunned electrically and killed by 
exsanguination. Toms were immersed in 60 C water for 2 minutes, 
deplumed, weighed, and chilled in ice water for 20 hours. Toms were 
removed from the chill tanks and weighed, and then eviscerated and the 
weights of liver, heart, gizzard, and intestines were recorded. The 
eviscerated carcasses were separated into the component parts of breast, 
thigh, drumsticks, wings, and back. The breast and thigh were further 
separated into meat, skin, and bone. After the weights of all these 
parts were recorded, all the pieces of each turkey were put into a 
plastic bag and stored at -20 C for later grinding and blending, and 
proximate analysis. 
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Grinding of carcasses and sample preparation for proximate 
analysis was done in the following manner. Frozen turkey carcasses were 
cut into sections by using a band saw (Butcher Boy 0299, Laser 
Manufacturing Co., Inc.) and passed through a mechanical grinder 
(Buffalo 66BX) three times: first through a 2.5 cm die, then though a 
.7 cm die, and finally through a .3 cm die to get adequate mixing and 
the desired consistency. A 300 g sample was taken from each replicate 
batch consisting of two turkeys. Two, 4-g subsamples from each of these 
samples were placed in an oven at 100 C for 48 hours to determine dry 
matter content and then heated to 600 C in a muffle oven for 12 hours to 
obtain ash content. Two 4-g subsamples of each carcass were oven dried 
and extracted with ether to determine fat content. Finally, two, 10-g 
subsamples were processed to determine crude protein (Kjeldahl nitrogen) 
content by the Nesslerization procedure using the Hach method (Appendix 
A). 
All data were analyzed statistically according to the General 
Linear Models procedure for the analysis of variance and regression 
analysis (Goodnight et al., 1982). A completely randomized block design 
was utilized with the experimental unit consisting of the pen averages. 
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RESULTS AND DISCUSSION 
Performance Characteristics 
Ferket and Sell (1988c) described the live performance of the toms 
employed in this experiment. In summary, as the level of dietary 
protein decreased, body weight at 6 weeks decreased (2.23, 1.94, 1.63, 
and 1.39 kg for 100%, 80%, 70% and 60% of N.R.C. (1984) protein 
recommendations, respectively, P<.005) and feed/gain from 1 to 6 weeks 
of age increased (1.63, 1.73, 1.90, and 2.16, P<.005). Early protein 
restriction continued to have a significant carry-over effect on body 
weight, such that body weight gain during realimentation was not 
significantly affected by early protein nutrition. However, feed/gain 
during the 6 to 20 week realimentation period improved linearly as the 
level of early protein nutrition decreased (3.25, 3.20, 3.14, and 3.13, 
P<.005). 
Carcass Composition 
Proximate analyses of the carcasses of toms sampled at 6, 12, and 
20 weeks of age>,are shown in Table 1. In general, the toms underwent 
considerable change in body composition as they grew older. Fat and dry 
matter concentration in the body increased, while body ash concentration 
decreased as the age of the toms increased. Crude protein 
concentration, however, remained about the same at 6 and 12 weeks of 
age, but then decreased by about 2 percentage units at 20 weeks of age. 
Ferket and Sell (1988b) observed similar changes in body composition as 
toms aged, but they observed higher carcass protein concentration than 
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Table 1. Effect of severity of protein .restriction from 1 to 6 weeks 
of age on carcass composition of toms sampled at 6, 12, and 
20 weeks® 
1 to 6 weeks Probabilities of 
% of N.R.C. for protein grwb significance 
1°° 80 70 60 J™-
6 Weeks of Age 
Dry matter, % 
Protein, % 
Fat, % 
Ash, % 
26.9 
18.4 
1.7 
3.9 
27.3 
18.2 
2.3 
3.7 
27.6 
18.2 
3.4 
3.9 
28.0 
17.9 
3.7 
3.9 
.18 
.23 
.19 
.15 
*** 
NS 
*** 
NS 
*** 
NS 
*** 
NS 
NS 
NS 
NS 
NS 
12 Weeks of Age 
Dry matter, % 
Protein, % 
Fat, % 
Ash, % 
31.4 
18.1 
6.8 
3.2 
31.5 
18.1 
6.8 
3.2 
31.3 
18.2 
6.5 
3.8 
30.8 
18.1 
6.3 
3,3 
.25' 
.17 
.30 
.21 
NS NS NS 
20 Weeks of Age 
Dry matter, % 
Protein, % 
Fat, % 
Ash, % 
35.2 
16.4 
12.0 
2.9 
34.3 
16.6 
11.4 
3.1 
34.8 
16.4 
11.9 
2.9 
35.4 
16.9 
12.1 
2.9 
.62] 
.52 
.84 
.11 j 
NS NS NS 
^Values are means of eight replicates of two toms sampled/repli­
cates, and are expressed as a percentage of wet sample. 
^SEH = Standard error of the mean with 25 degrees of freedom. 
^NS = Not significant. 
***P<.005. 
139 
observed in the present experiment, especially in the carcasses of 20-
week-old toms. 
The level of protein nutrition had a significant effect on the 
composition of carcasses of toms sampled at 6 weeks of age. Fat and dry 
matter concentration in the body increased linearly by about .5 and 1 
percentage unit, respectively, per 10% decrement in the plane of protein 
nutrition. Comparison of the body fat and dry matter contents suggests 
that about half of the increase in % body fat was at the expense of body 
water. Percent crude protein and % ash content were not influenced 
significantly by the level of early protein nutrition. Auckland and 
Morris {1971b) and Ferket and Sell (1988b) also reported that protein 
restriction increased % body fat and % dry matter significantly, without 
affecting crude protein or ash content. Ferket and Sell (^988c) showed 
that the caloric intake of the toms reported herein increased as the 
severity of protein restriction increased, while protein intake 
decreased per body weight gain. Apparently, the toms consumed an 
excessive amount of energy to meet protein requirements. Consequently, 
this excess energy was deposited as body fat. Bartov and Bornstein 
(1976) made similar observations when broiler chickens were fed low 
protein diets. 
Although the level of early protein restriction had highly 
significant carry-over effects of body weight and feed efficiency, 
carry-over effects on carcass composition were minimal. The treatment 
effects on body composition observed at 6 weeks of age were no longer 
apparent at 12 and 20 weeks of age, indicating that normal body 
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composition had been restored upon realimentation. Several other 
researchers have also shown that early protein restricted turkey toms 
were able to restore normal body composition by market age (Auckland and 
Morris, 1971b; Yates et al., 1976; Ferket and Sell, 1988b). 
Conversion of Dietary Protein to Body Protein 
The treatment effects observed in body composition over age is 
indicative that early protein restriction may alter energy metabolism. 
Percent body fat content at 6 weeks of age increased as the level of 
protein nutrition decreased during the restriction period, but upon 
realimentation, % body fat content returned to normal proportions. 
Excess energy stored as fat tissue during protein restriction could have 
been mobilized and used to enable more efficient conversion dietary 
protein into carcass protein during realimentation. The level of early 
protein nutrition had a significant influence on protein conversion 
(Table 2). 
During the restriction period (1 to 6 weeks of age), dietary 
protein consumption decreased linearly as the level of early protein 
nutrition decreased, and this effect carried-over through the 
realimentation period. The total amount of protein deposited in the 
carcass at 6 and 12 weeks of age also decreased as the level of dietary 
protein decreased, which was largely related to the treatment effect on 
body weight. However, by 20 weeks of age, total body protein content 
was restored, giving evidence to some compensation in body protein 
deposition. 
Table 2. Effect of severity of early protein restriction on protein consumption, carcass pro­
tein, and protein conversion 
1-6 weeks Probabilities of 
% of N.R.C. for protein gr^a significance 
80 70 60 Lin- _^Qua-^ 
Protein consumption, kg/torn^ 
1-6 weeks .96 .72 ,56 .48 .006 *** *** NS 
6-12 weeks 3.02 2.95 2 79 2 69 .029 *** *** NS 
12-20 weeks 4.59 4.57 4.56 4.54 .045 *** *** NS 
6-20 weeks 7.61 7.52 7.35 7.23 .074 *** *** NS 
1-20 weeks 8.57 8.23 7.92 7.70 .076 *** *** NS 
Carcass protein, kg/torn^ 
1 week .03 .03 .03 .03 .002 NS NS NS 
6 weeks .41 .35 .29 .24 .004 *** *** *** 
12 weeks 1.47 1.42 1.35 1.27 .017 *** *** * 
20 weeks 2.53 2.52 2.45 2.45 .076 NS NS NS 
:ein consumpti on/carcass protein gain 
1-6 weeks 2.41 2.10 1.99 2.00 .036 *** *** ** 
6-12 weeks 2.85 2.60 2.63 2.61 .052 ** NS NS 
12-20 weeks 4.33 4.15 4.14 3.85 .106 ** *** NS 
6-20 weeks 3.59 3.46 3.40 3.27 .087 * ** NS 
1-20 weeks 3.43 3.30 3.27 3.18 .080 ** ** NS 
. SEM = Standard error of the mean with 25 degrees of freedom. 
Means of eight replicates of c^. 25 toms/replicate. 
.NS = Not significant. 
Means of eight replicates of two toms sampled/replicate. 
*P<.05. 
**P<.01. 
***P<.005. 
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In general, the smaller amount of protein consumed by the protein 
restricted toms was deposited into the carcass more efficiently, 
regardless of the age period. These data are in agreement with the data 
reported by Ferket and Sell (1988b). In the present experiment, the 
amount of dietary protein required per body protein gained decreased 
about 5 % for each 10 % decrement in the level of protein nutrition down 
to the 70% level. No additional advantage in protein conversion was 
observed by restricting protein to the 60% level. During the initial 
stage of realimentation, all levels of early protein restriction were 
equally effective in improving protein conversion. During the latter 
stage of realimentation, however, protein conversion was improved 
linearly as the level of early protein nutrition decreased. 
Consequently, the amount of dietary protein required per carcass protein 
gain from 1 to 20 weeks of age decreased linearly as the level of early 
protein nutrition decreased. 
Carcass Yield 
Early protein nutrition did not influence the degree of body 
weight shrinkage during the 18-hour fast prior to slaughter or the 
degree of water taken up by the carcass during the 20 hour ice-water 
chilling, irrespective of the age of the toms sampled. 
The effect of age on carcass yield can be seen by comparing the 
values in Tables 3, 4, and 5. As the toms grew older, dressed yield 
increased, which was largely attributed to increases in yield of breast 
meat and skin. Concurrently, yields of drumsticks and wings decreased 
Table 3. Effect of severity of protein restriction from 1 to 6 weeks of age on carcass yield 
of 6-week-old toms^ 
1-6 weeks Probabilities of 
% of N.R.C. for protein gr»b significance 
"•O 8" 7° 60 Lin- _^Qua-^ 
Chilled weight, kg 
Breast, % 
2.00 
25.7 
1.82 
25.3 
1.59 
24.8 
1.34 
23.8 
.081 
.42 
*** 
*** *** 
NS^ 
• 
% of Breast 
Meat 70 .8 71.5 70 .2 68 .5 .70 * * * 
Skin 7 .7 7.9 8 .4 9 .6 .25 *** *** ** 
Bone 20 .1 18.6 21 .5 21 .8 1.10 NS NS NS 
Thighs, % 12 .1 11.8 11 .9 11 .1 .24 * • NS 
% of Thighs 
Meat 73 .8 73.2 73 .1 70 .6 .52 *** *** * 
Skin 5 .5 5.9 6 .1 8 .1 .32 *** *** *** 
Bone 20 .3 20.7 20 .3 24 .5 1.70 NS NS NS 
Drumsticks, % 11 .0 10.9 11 .5 10 .8 .22 
Wings, % 
Back, % 
12 
13 
.8 
.3 
12.9 
13.9 
13 
14 
.5 
.4 
13 
13 
.1 
.5 
.35 
.32 NS NS NS 
Dressed Yield, % 74 .9 74.8 76 .1 72 .3 1.55 
Values are means of eight replicates of two toms sampled/replicate, and are expressed as 
a percentage of chilled weight (New York dressed and chilled in slush for 24 hours) unless 
indicated otherwise. 
bSEM = Standard error of the mean with 25 degrees of freedom. 
= Not significant. 
*P<.05. 
**P<.01. 
***P<.005. 
Table 4. Effect of severity of protein restriction from 1 to 6 weeks on carcass yield of 12-
week-old toms 
1-6 weeks Probabilities of 
% of N.R.C. for protein significance 
100 80 70 60 
ocri Pro­
tein 
Lin­
ear 
Qua­
dratic 
Chilled weight, kg 
Breast, % 
7,80 
30.4 
7.78 
30.9 
% of 
7.38 
29.7 
Breast 
6.96 
30.5 
.12 
.39 
*** 
NS^ 
*** 
NS 
* 
NS 
Meat 
Skin 
Bone 
77.1 
8.5 
15.7 
75.8 
8.5 
15.8 
75.5 
8.1 
16.2 
75.2 
8.3 
16.3 
.941 
.32 1 
.35 1 
NS NS NS 
Thighs, % 11.6 11.5 11.5 11.6 .12 NS NS NS 
% of Thighs 
Meat 
Skin 
Bone 
77.3 
5.0 
17.4 
77.4 
5.2 
17.3 
77.1 
4.9 
17.7 
76.3 
4.8 
18.6 
.39 
.14 
.37 
NS 
NS 
NS 
NS 
NS 
* 
NS 
NS 
NS 
Drumsticks, % 
Wings, % 
Back, % 
Dressed yield, % 
11.4 
11.6 
18.5 
83.5 
11.1 
11.5 
18.3 
83.3 
11.6 
11.7 
18.1 
82.6 
11.2 
11.5 
17.9 
82.7 
:15) 
.29 1 
1.09 j 
NS NS NS 
Values are means of eight replicates of two toms sampled/replicate, and are expressed as 
a percentage of chilled weight (New York dressed and chilled in slush for 24 hours) unless 
indicated otherwise. 
bSEM = Standard error of the mean with 25 degrees of freedom. 
^NS = Not significant. 
*P<.05. 
***P<.005. 
Table 5. Effect of severity of protein restriction from 1 to 6 weeks on carcass yield of 20-
week-old toms^ 
1-6 weeks Probabilities of 
% of N.R.C. for protein grub significance 
7° 60 fro- Lin-
Chilled weight, kg 14 .53 14 .15 14. 10 13 .65 .194 * ** NS 
Breast, % 35 .8 34 .4 35. 0 33 .9 .41 * * NS 
% of Breast 
Meat 77 .0 78 .5 78. 1 77 .7 .68 1 Skin 9 .0 8 .0 8. 3 8 .5 .42 [ NS NS NS 
Bone 13 .2 13 .7 13. 0 13 .4 .41 I 
Thighs, % 12 .4 13 .0 12. 5 12 .7 .27 NS NS NS 
% of Thighs 
Meat 81 .1 81 .0 80. 4 83 .8 1.09 1 
Skin 7 .2 7 .1 7. 3 7 .6 .28 [ NS NS NS 
Bone 11 .0 10 .3 11. 4 11 .4 .32 
Drumsticks, % 10 .3 10 .7 10. 4 10 .8 .15 * NS NS 
Wings, % 10 .0 10 .6 10. 3 10 .3 .16 
Back, % 19 .3 19 .7 19. 7 20 .1 .39 NS NS NS 
Dressed yield, % 87 .8 88 .4 87. 9 87 .8 1.38 
Values are means of eight replicates of two toms sampled/replicate, and are expressed as 
a percentage of chilled weight (New York dressed and chilled in slush for 24 hours) unless 
indicated otherwise. 
bSEM = Standard error of the mean with 25 degrees of freedom. 
^NS = Not significant. 
*P<.05. 
**P<.01. 
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slightly, and yields of the thigh and back increased slightly as the 
toms aged. 
The relationships between age and yield of carcass parts observed 
in this experiment are in general agreement with other experiments 
reported in the literature. Breast yield has been shown to increase 
with age, while drumstick and wing yield decrease (Wesley et al., 1981; 
Salmon, 1974; 1983; Salmon et al., 1982). However, data in the 
literature on yield of thigh meat vary. Yield of thigh meat has been 
reported to decrease (Salmon, 1974; Wesley et al., 1981) stay the same 
(Hasiak, 1978), or increase (Salmon, 1974) with increasing age. The 
data reported herein clearly show a positive relationship between yield 
of thigh meat and age of toms, irrespective of early protein nutrition. 
Deboning technique of the thigh may account for much of the variation in 
the data reported. 
The increase in breast and thigh meat yield with age observed in 
the present experiment was independent of the level of early protein 
nutrition. The improvement in protein conversion observed after early 
protein restriction suggests the occurrence of some compensatory 
development of muscle, the major protein deposit, in comparison with 
other tissues. The carcass yield data was generally an indication that 
early protein restriction affected the development of the major meat 
yielding parts of the carcass (breast and thigh) without affecting the 
development of other carcass parts. At 6 weeks of age, the proportion 
of the breasts and thighs decreased as the level of protein nutrition 
decreased (Table 3). This decrease was largely attributed to a decrease 
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in yields of breast and thigh meat. Proportions breast and thigh skins 
increased as the level of protein nutrition decreased, and was likely 
related to subcutaneous fat deposition. The yields of drums, wings, and 
backs, which yield less meat than breasts and thighs, were not 
influenced by the level of protein nutrition. The breasts and thighs of 
the protein restricted toms returned to normal proportions by 12 weeks 
of age (Table 4), indicating compensatory development of the major 
protein deposits. At 20 weeks of age, however, the toms that were 
subjected to the 60% level of restriction during early development had 
significantly lower breast yield than toms that were less severely 
restricted (Table 5). Body proportionality was otherwise normal for all 
treatments. 
Early protein restriction had minimal effects on relative organ 
weights (Table 6). At 6 weeks of age, the relative weight of the liver 
increased linearly as the level of protein nutrition decreased, whereas 
relative weights of the gizzard, intestines, and heart were unaffected. 
In comparison, Ferket and Sell (1988b) reported that early protein 
restriction to 70% of N.R.C. (1984) caused a significant increase in the 
relative weight of liver, gizzard, and intestine at 6 weeks of age. The 
increase in liver weight observed by Ferket and Sell (1988b) and in the 
present experiment was likely due to an increase in lipogenesis and fat 
content associated with dietary protein restriction. Relative liver 
size, hepatic lipogenesis, and % body fat content have been shown to 
increase in poultry as dietary protein decreases (Yeh and Leveille, 
1969; Rosebrough and Steele, 1985). By 12 weeks of age, the liver was 
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Table 6. Effect of severity of protein restriction from 1 to 6 weeks 
of age on liver, gizzard, intestine, and heart weights of 
toms at 6, 12, and 20 weeks of age^ 
1 to 6 weeks Probabilities of 
% of N.R.C. for protein -p^b significance 
80 70 60 P™-
6 Weeks of Age 
Liver, % 1.79 2.09 2.19 2.30 .08 *** *** NS^ 
Gizzard, % 3.22 3.15 3.55 3.37 .18) 
Intestine, % 5.06 5.31 5.49 5.32 .18 NS NS NS 
Heart, % .65 .63 .66 .68 .01 j 
12 Weeks of Age 
Liver, % 1.31 1.31 1.41 1.36 .03] 
Gizzard, % 1.67 1.65 1.77 1.83 .06 [ NS NS NS 
Intestine, % 2.82 2.90 2.94 2.93 .07] 
Heart, % .55 .56 .60 .60 .016 * ** ** 
20 Weeks of Age 
Liver, % 1.05 1.11 1.11 1.08 .051 
Gizzard, % 1.20 1.13 1.13 1.23 .05 [ NS NS NS 
Intestine, % 2.05 2.01 1.97 2.00 .05) 
Heart, % .41 .44 .44 .40 .015 NS NS * 
^Values are means of eight replicates of two toms sampled/repli­
cates, and are expressed as a percentage of wet carcass. 
^SEM = Standard error of the mean with 25 degrees of freedom. 
^NS = Not significant. 
*P<.05. 
**P<.01. 
***P<.005. 
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back to normal proportions and this persisted through 20 weeks of age. 
Relative weight of the gizzard, and intestines continued to be 
unaffected by early protein restriction at 12 and 20 weeks of age. 
However, restricting protein to the 70% or 60% level resulted in a 
significant increase in the relative weight of the heart at 12 weeks of 
age, but this effect was not so evident by 20 weeks of age. The 
transient carry-over effects of early protein restriction on relative 
heart size cannot be explained on the basis of information obtained 
herein. 
The results of this experiment is consistent with the contention 
that toms respond favorably to early protein restriction (Auckland et 
al., 1959; Auckland and Morris, 1971a,b; Ferket and Sell, 1988a,b). 
This advantage is not necessarily due to a compensatory weight gain 
response after early protein restriction, but rather an improvement in 
the efficiency with which dietary protein is utilized for growth. Even 
though body weight at 20 weeks of age decreased as the severity of early 
protein restriction increased (Ferket and Sell, 1988c), conversion of 
dietary protein to carcass protein improved significantly during the 
restriction period and during the subsequent realimentation period. The 
improved protein conversion observed during realimentation was 
accompanied by a complete restoration of normal carcass chemical 
composition and normal proportionality of body tissues by 20 weeks of 
age, provided that early protein nutrition was not restricted below 70% 
of N.R.C. (1984) dietary protein recommendations. However, restricting 
dietary protein to 60% of N.R.C. (1984) during early development 
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continued to have a detrimental effect on breast yield at 20 weeks of 
age. Apparently, early protein restriction had its greatest effect by 
shifting muscle development to a later age when dietary conditions were 
more adequate. This alteration in muscle development was evident in the 
selective effect of early protein restriction on the reduction and 
subsequent restoration of breast and thigh meat yield. 
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SUMMARY AND DISCUSSION 
Previous experimentation on compensatory growth in turkeys has 
been done on the effects of early protein restriction. However, 
researchers working with other species demonstrated that compensatory 
growth may also occur after dietary energy restriction, and that the 
energy density of the realimentation diet may influence an animal's 
ability to exhibit compensatory growth. Therefore, the objective of 
experiment one was to determine the effects of moderate protein and (or) 
energy restriction during early development on the performance and 
carcass characteristics of large turkey toms, and also to determine the 
effect of dietary energy density on compensatory growth by increasing 
the level of supplemental fat in the realimentation diets. The 
performance characteristics and carcass characteristics were reported 
and discussed in Sections I and II, respectively. 
Early dietary protein restriction affected subsequent growth 
characteristics differently than early energy restriction: early 
protein restriction had more favorable effects on the efficiency of meat 
production than did early energy restriction (Section I). Toms that 
were fed diets containing 70% of the dietary protein level recommended 
by N.R.C. (1984) from 10 days to 6 weeks of age exhibited little 
compensatory growth upon realimentation and they were not able to attain 
the body weight of fully-fed toms by 20 weeks of age unless additional 
time was provided. However, feed efficiency after protein restriction 
was significantly improved. In contrast, toms that were fed diets 
containing 90% of the dietary energy level recommended by N.R.C. (1984) 
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from 10 days to 6 weeks of age attained the same body weight as the 
fully-fed toms by 20 weeks of age, but feed efficiency during 
realimentation was not as markedly affected as the protein restricted 
toms. There was no significant protein X energy interaction effect on 
subsequent performance characteristics, and the effect of supplemental 
fat in the realimentation diets on performance was independent of 
previous protein or energy nutrition. 
Differences between early protein restriction and energy 
restriction were also observed in the carcasses of 5-, 12-, and 20-week-
old toms (Section II). The favorable effects of early protein 
restriction observed on feed efficiency could be related to the change 
in the composition of the gain. At 6 weeks of age, the end of the 
restriction period, the percentage of fat in the carcass was increased 
by early protein restriction and decreased by energy restriction. 
However, upon realimentation, normal carcass composition was restored by 
12 weeks of age, indicating that protein restricted toms gained less fat 
and energy restricted toms gained more fat relative to fully-fed toms. 
Commensurate with this change in carcass fat, the early protein 
restricted toms exhibited a much better conversion of dietary protein to 
carcass protein than energy restricted toms. Perhaps the excess body 
fat deposited during protein restriction was mobilized early in the 
realimentation period to support more efficient protein utilization 
during the initial stages of realimentation. The validity of this 
hypothesis is based on the assumption that the N.R.C. (1984) 
recommendations for dietary energy are too low for optimum protein 
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deposition in the large turkey torn. The favorable effect of 
supplemental fat in the realimentation diet observed on growth and feed 
efficiency substantiates this hypothesis. 
Early protein restriction also affected the development of select 
tissues differently than early energy restriction. The proportion of 
breast muscle at 6 weeks of age was reduced significantly by early 
protein restriction. This effect continued through 12 weeks of age, but 
by 20 weeks of age, normal breast muscle yield was restored. Skeletal 
development, as estimated by shank length, and liver and gut growth, 
were not hindered by early protein restriction, indicating the high 
growth priority of these tissues and their vital function during early 
development. Hence, a large part of the restriction in body weight gain 
during early protein restriction was due to a reduction in muscle 
development. In comparison, early energy restriction had little 
influence on the proportionality of the selected tissues. 
One conclusion made from experiment one was that early protein 
restriction has potential use for alternative feed programs for large 
turkey toms, even though there is little evidence of compensatory 
growth. The hypothesis that the severity of early protein restriction 
may influence the ability of large turkey toms to exhibit compensatory 
growth was the basis of the objective in experiment two. Toms were fed 
isocaloric diets containing 100%, 80%, 70%, or 60% of the N.R.C. (1984) 
recommended level of dietary protein from 1 to 5 weeks of age. 
Subsequently, each treatment group was fed according to N.R.C. (1984) 
recommendations for protein until 20 weeks of age. Performance 
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characteristics and carcass characteristics were reported and discussed 
in Sections III and IV, respectively. 
The results in Section III are generally consistent with the 
performance characteristics of early protein restriction observed in 
experiment one and reported in Section I. However, contrary to the 
hypothesis that compensatory growth is dependent upon the severity of 
previous growth restriction, the severity of early protein restriction 
had little influence on the ability of the toms to exhibit compensatory 
growth. At 6 weeks of age, body weight decreased as the level of 
protein nutrition decreased (2.23, 1.94, 1.63, and 1.39 Kg, P<.005). 
Subsequently, body weight gain was the same for all treatment groups, 
indicating no evidence of compensatory weight gain, irrespective of the 
severity of early protein restriction. Consequently, the effects of 
early protein restriction on body weight were still evident at 20 weeks 
of age, such that the differences in body weight observed among the 
treatment groups were about the same as the body weight differences 
observed at 6 weeks of age (15.5, 15.2, 14.9, and 14.5 kg, P<.005). 
The inability of the toms to exhibit compensatory growth, 
irrespective of the severity of early protein restriction, may be due to 
their limited ability to consume enough feed to support increased growth 
rate. Feed consumption during the restriction period decreased linearly 
as the level of protein nutrition decreased. This trend continued upon 
realimentation through 16 weeks of age. Relative to gain, however, feed 
consumption during the restriction period increased linearly as the 
level of protein nutrition decreased, and decreased during the 
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realimentation period. Consequently, cumulative feed/gain from 1 to 20 
weeks of age was not significantly affected by the severity of early 
protein restriction. 
Although early protein restriction did not influence cumulative 
feed efficiency, the cumulative amount of protein consumed per body 
weight gain decreased as the level of early protein nutrition decreased 
to the 70% level of N.R.C. protein recommendations. Consequently, total 
feed costs decreased as the level of early protein nutrition decreased. 
There was no added cost advantage of restricting protein below the 70% 
level. This observation was in agreement with the improved conversion 
of dietary protein to carcass protein reported in Section IV. In 
comparison to experiment one, which showed that protein utilization was 
improved during protein restriction and during the initial stage of 
realimentation, experiment two showed that early protein restriction 
improved protein utilization throughout the restriction and 
realimentation periods. 
Monetary return above feed costs, mortality and morbidity, and 
carcass quality are economically important factors are of primary 
concern in the evaluation of alternative feeding programs. In 
experiment one, monetary returns above feed costs were observed to 
increase significantly after early protein restriction (Section I). In 
experiment two, monetary return above feed costs was significantly 
reduced after restricting early protein at 60% of N.R.C. (1984), but not 
by less severe levels of protein restriction (Section III). It was 
concluded from these two experiments that early protein restriction 
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would be more economically beneficial when feed costs relative to turkey 
market price is high than when it is low. 
Flock mortality and morbidity could also have a marked effect on 
total flock revenue. Early protein restriction did not influence 
mortalities in experiments one and two, but morbidity was reduced. The 
protein restricted toms in experiment one were more alert and mobile 
than the fully-fed toms and some protein restricted groups were observed 
to have a reduced incidence of leg weakness (Section I). In experiment 
two, there was a trend toward decreasing incidence of slight and 
moderate leg weakness in 18-week-old toms as the level of early protein 
nutrition decreased; however, the incidence of severe of leg weakness 
decreased by more than 60% when dietary protein was restricted to 70% or 
less of N.R.C. (1984). The hypothesis was made that early protein 
restriction minimized injury from disproportionately excessive body 
weight and (or) improper development of skeletal integrity during the 
early phase of rapid growth. 
As observed in experiment one (Section II), carcass composition 
and the yield of carcass parts were altered immediately following early 
protein restriction, but were essentially restored to normal proportions 
by 12 weeks of age (Section IV). At 6 weeks, % carcass protein and % 
ash were not affected by the level of protein nutrition, but % carcass 
fat increased linearly as the level of protein nutrition decreased 
(P<.005). Breast and thigh meat yields decreased and skin yield 
increased as the level of protein nutrition decreased; however, yields 
of bone and other carcass parts were not affected. Breast and thigh 
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meat yields, and chemical composition were restored to normal 
proportions at 12 and 20 weeks of age, irrespective of the severity of 
early protein restriction. At 20 weeks of age, only breast yield was 
significantly reduced by the 60% of the N.R.C. (1984) recommended level 
of protein. 
Early protein restriction also had minimal effects on relative 
organ size (Section IV), which was in agreement with the observations 
made in experiment one. At 6 weeks of age, the relative weight of the 
liver increased linearly as the level of protein nutrition decreased. 
It was postulated that this increase in liver size was due to an 
increased in lipogenesis and fat content associated with dietary protein 
restriction. The relative weights of the gizzard, intestines, and heart 
at 6 weeks of age were unaffected by the severity of protein 
restriction. Normal proportionality of liver, gizzard, and intestines 
was observed at 12 and 20 weeks of age; however, for reasons unknown, 
restricting protein to the 70% or 60% level resulted in a significant 
increase in the relative weight of the heart at 12 weeks of age, but not 
at 20 weeks of age. 
The results of the experiments in this dissertation indicate that 
large-type turkey toms have limited ability for compensatory weight gain 
following early nutrient restriction. Although toms may recover from 
early energy restriction (90% of N.R.C. (1984) recommendations for 
energy) by 20 weeks of age, the toms respond more favorably to early 
protein restriction, irrespective of the level of fat in the 
realimentation diet. The severity of early protein restriction did not 
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influence the ability of toms to exhibit compensatory growth and improve 
cumulative feed efficiency. Therefore, time required to reach market 
weight increased linearly as the severity of early protein restriction 
increased. However, the improvement in feed efficiency during 
realimentation, the improvement in overall protein utilization, the 
decrease in feed costs, and the decrease in the incidence of leg 
weakness observed as the level of early protein nutrition decreased 
illustrate potential benefits of early protein restriction. 
Furthermore, carcass composition and the yield of carcass parts from 
early protein restricted toms at 20 weeks of age were the same as in 
conventionally-fed toms. However, restriction to 60% of the N.R.C. 
(1984) recommended level of protein may result in a decrease in breast 
muscle yield. 
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APPENDIX A. HACH METHOD OF DETERMINING CRUDE PROTEIN 
In section IV, crude protein (Kjeldahl nitrogen) was determined by 
the Hach method, which is a modification of the Nesslerization 
procedure. This method is suitable for all fresh, cooked, or processed 
meat products and has been nominated for Association of Official 
Analytical Chemists approval. Materials for this method may be obtained 
from Hach Company - MCD, P.O. Box 389, Loveland, CO 80539. 
Reagents 
Concentrated Sulfuric Acid 
Hydrogen Peroxide, 50% 
Nessler Reagent 
Polyvinyl Alcohol (PVA) 
Primary Standards for Kjeldahl Nitrogen 
Apparati 
Balance, Mettler PM 460 
Hach DR/3000 Spectrophotometer 
Hach Pour-Through Cell (for DR/3000) 
Hach Digesdahl Digestion Apparatus 
Magnetic Stirrer and Stir Bar, 1 inch 
Volumetric Flask, 100 ml 
Watch Glass, 65 mm 
Berzelius Beaker, 200 ml 
Boiling Chips, compressed carbon 
Hach Diluter-Dispenser, crude protein 
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Preparation and Instrument Calibration 
Preparation 
1. The Digesdahl Apparatus was turned on and the heat setting 
calibrated by adding 75 ml of water to a 100 ml volumetric flask. 
This flask was placed on the Digesdahl which was allowed to warm 
up for 20 minutes. The proper setting was that which gave a 
temperature rise from about 25 C to 95 C in 4.5 minutes. 
2. The Diluter/Dispenser was set up with reagents and the volume 
settings checked. 
3. The DR/3000 Spectrophotometer was set up with the Pour-Through 
Cell, setting the instrument to a wavelength of 460 nm, and zero 
(100% T) on 0.1 g/1 PVA solution. 
4. Frozen meat samples was thawed two days in a refrigerator. Before 
a sample was taken for digestion, the sample was kneaded in the 
plastic bag to assure that the sample and any moisture that had 
accumulated in the bag were thoroughly mixed. Care was taken to 
assure a homogeneous sample was taken for digestion. 
175 
Calibration 
The following primary standards were prepared prior to instrument 
calibration: 
% Crude Protein 
Primary Standard Grams Equivalent 
Ammonium-PTSA 0.100 9.25 
0.150 13.88 
0.200 18.50 
0.250 23.13 
0.300 27.75 
Nicotinic Acid-PTSA 0.125 7.41 
0.250 14.82 
Glycine-PTSA 0.125 8.85 
0.250 17.70 
The DR/3000 Spectrophotometer was calibrated as follows: 
1. Ammonium-PTSA was weighed out on 2 X 2 inch pieces of weighing 
paper, folded up, inserted in the digestion flask, and digested as 
in Preparation Step 1. 
2. Sulfuric acid (4.0 ml) was added to the digesta and proceeded with 
Steps 7-9 of the digestion procedure. 
3. Using the Best Fit Program mode on the DR/3000, the readings were 
recorded and the calibration curve was generated. 
4. Two other Primary Standards were used to verify the system. Use 
of 20 ml of 50% Hydrogen Peroxide was necessary for recovering the 
Nicotinic acid-PTSA. 
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Digestion and Crude Protein Determination of Meat Samples 
1. One magnetic stirring bar was placed in a 200 ml Berzelius beaker 
and the weight was recorded. Then the balance was zeroed (See 
Calculation Section) 
2. Approximately 10 grams of meat sample was put into the beaker and 
the exact weight of the sample was recorded (accurate to two 
decimal places, e.g., 10.00 g) as A. 
3. 50.0 ml of demineralized water was added to the beaker and the 
sample was stirred until a uniform homogenate was attained. 
4. While stirring, 50.0 ml of concentrated sulfuric acid was added 
and the beaker was covered with a watch glass. This material was 
stirred until no individual particles were seen swirling in the 
beaker. 
5. The stirring was discontinued and the sample was stored overnight 
so that any molten fat would rise to the surface before withdrawal 
of a sample. The watch glass was removed and the weight of the 
beaker plus contents was recorded. 
6. Approximately 5 ml sample of the digesta was pipetted out and 
transferred to a tared 100 ml volumetric flask, the exact weight 
was recorded as B (accurate to two decimal places, e.g., 5.00 g), 
and one boiling chip was added to the flask. 
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7. The 5 ml digests sample was redigested for 4 minutes using the 
Digesdahl digestion apparatus. The 10 ml of 50% Hydrogen Peroxide 
was added to a capillary funnel that emptied in 3-3.5 minutes. An 
additional minute was allowed for all the hydrogen peroxide to 
boil off. 
8. The sample was cooled, diluted to 100 ml with demineralized water, 
and mixed well. 
9. With the Diluter-Dispenser apparatus and disposable plastic cups, 
0.40 ml aliquot of the digest was diluted to 25 ml with 0.1 g/1 
PVA, then 1.0 ml of Messier Reagent was added. Then, the mixture 
was thoroughly agitated and poured into the funnel of the Pour-
Through Cell. 
10. After the flow stopped, the apparent protein from the DR/3000 
display was recorded and actual crude protein was determined by 
the following calculations: % Crude Protein = (0.50 X (apparent 
protein) X C) / A X B, where A = meat sample weight, B = digesta 
sample weight, and C = total weight of meat, water, and sulfuric 
acid in the beaker. 
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APPENDIX B. MEAN SQUARE TABLES 
Table B1. Experiment one mean squares for body weight at 6 weeks of 
age, and feed consumption, feed consumption/body weight 
gain, protein consumption/body weight gain and kcal 
metabolizable energy consumption/kg body weight gain from 
10 days to 6 weeks of age 
Mean squares 
Source d.f. Body weight 
6 wks, kg 
Feed, 
kg F/G* P/G^ ME/GP 
Block 3 .0482* .0146 .0789** .0064* 40.1** 
Protein (P) 1 .7906** .6874*** .2625*** .2149*** 8631.2*** 
Energy (E) 1 .2161*** .0770** .5130*** .0816* 60.3* 
P X E 1 .1358*** .0457* .0008 .0354 58.3* 
Error 25 .0116 .0092 .0163 .0012 9.13 
®F/G = Feed consumption/Body weight gain from 1 to 6 weeks of age. 
bp/G = Protein consumption/Body weight gain from 1 to 6 weeks of 
age. 
^ME/G = kcal metabolizable energy/body weight gain from 1 to 6 
weeks. 
*P<.05. 
**P<.01. 
***P<.005. 
Table B2. Experiment one mean squares for body weight at 8, 10, 12, 14, 16, 18, and 20 weeks of 
age 
Mean squares 
Body weight, kg 
Source d.f. Weeks of age 
8 10 12 14 16 18 20 
Block 3 .010 .040 .051 .068 .105 .086 .288* 
Protein (P) 1 1.370*** 1.824*** .624* 1.022*** .696*** 1.148*** 1.602*** 
Energy (E) 1 .0277*** .293*** .283 .051 .387* .708** .224 
Fat (F) 1 .174*** .535*** .791* .203*** 2.726*** 2.344*** 1.874*** 
P X E 1 .122*** .082 .170 .016 .045 .029 .082 
P X F 1 .002 .0001 .050 .056 .035 .262 .076 
E X F 1 .002 .016 .759 .056 .035 .263 .076 
P X E X F 1 .010 .0144 .024 .009 .125 0 .023 
Error 21 .0145 .2728 .148 .090 .073 .078 .061 
*P<.05. 
**P<.G1. 
***P<.005. 
Table B3. Experiment one mean squares for feed consumption from 6-8, 8 10, 10-12, 12-14, 14-16, 
16-18, and 18-20 weeks of age, and feed consumption/body weight gain from 6-20, and 
10 days of 20 weeks of age 
Mean squares (weeks of age) 
Feed consumption/tom, kg Feed/gain Source d.f. 
6-8 8-10 10-12 12-14 14-16 16-18 18-20 6-20 
wks 
lOd-
20 wks 
Block 3 .121 .192*** .050 .065 .089 .020 .217 .009 .007 
Protein (P) 1 1.084*** .359*** .270* .308* .328* .055 .031 .047** .005 
Energy (E) 1 .006 .044 .120 .005 .198 .291* .00005 .025* .0001 
Fat (F) 1 .004 .009 .008 .004 .036 389*** .684 .189*** .158*** 
P X E 1 .069 .036 .063 .053 .065 .00003 .026 .007 .002 
P X F 1 .007 .003 .0002 .043 .016 .047 .180 .0002 0 
E X F 1 .0001 .073 .133 .043 .016 .047 .180 .006 .004 
P X E X F 1 .012 .026 .0004 0 .044 .130 0 .007 .001 
Error 21 .044 .027 .037 .049 .068 .067 .232 .005 .005 
*P<.05. 
**P<.01. 
***P<.005. 
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Table B4. Experiment on mean squares for feed costs/tom, from 10 
days to 6 weeks, 6 to 20 weeks and 10 days to 20 weeks 
Mean squares 
Feed costs, $/tom 
Source d.f. 10 days-
6 weeks* 
6-20 
weeks 
10 days-
20 weeks 
Block 3 .014 1.373 1.378 
Protein (P) 1 7.245*** 30.715*** 67.796*** 
Energy (E) 1 2.155*** 7.127 .144 
Fat (F) 1 150.354*** 154.542*** 
P X E 1 .713*** .130 .089 
P X F 1 -- .019 .212 
E X F 1 -- .553 .517 
P X E X F -- .014 .007 
Error 21 .029 .214 .232 
^Error has 25 degrees of freedom. 
***P<.005. 
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Table B5. Experiment one mean squares for percent dry matter, ether 
extract, crude protein, and ash content of carcasses 
sampled at 6 weeks of age 
Mean squares 
Source d.f. Dry Ether Crude Ash, 
matter, % extract, 5 ^ protein, % % 
Block 3 1.528 .058 .420 .049 
Protein (P) 1 8.303*** 10.151*** .531 .0001 
Energy (E) 1 9.570*** 5.453*** .047 .042 
P X E 1 3.600* 1.226 4.140*** .158 
Error 25 .875 .369 .398 .045 
*P<.05. 
***P<.005. 
Table B6. Experiment one mean squares for percent dry matter, ether extract, crude protein, and 
ash content of carcasses sampled at 12 and 20 weeks of age 
Mean squares 
12 Weeks of age 20 Weeks of age 
Source d.f. Dry 
matter 
% 
Ether 
extract 
% 
Crude 
protein 
% 
Ash 
% 
Dry 
matter 
% 
Ether 
extract 
% 
Crude 
protein 
% 
Ash 
% 
Block 3 1.217 .629 .559 .116 1.040 .815 .206 .535*** 
Protein (P) 1 .383 1.854 .302 .180 .021 .563 .0007 .0001 
Energy (E) 1 .340 1.567 .294 .055 .277 .618 .033 .145 
Fat (F) 1 7.125** 8.284*** .061 .270 12.226*** 11.719*** .058 .005 
P X E 1 .003 5.780*** 1.423 .556 1.044 2.418 .278 .008 
P X F 1 .070 .280 .007 .061 .030 .090 .206 .210 
E X F 1 .090 .007 .694 .061 .021 .039 1.124 .048 
P X E X F 1 .945 .765 .037 .198 .177 1.342 2.347* .283 
Error 21 .810 .603 .411 .191 .984 .938 .312 .089 
*P<.05. 
**P<.01. 
***P<.005. 
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Table B7. Experiment one mean squares for shank length and breast 
muscle and breast skin weights of toms killed at 6 weeks 
of age 
Mean squares 
Source d.f. Shank 
length 
cm/kg 
Breast 
muscle 
% of 
body wt. 
Breast 
skin 
% of 
body wt. 
Block 3 .219 .524 .006 
Protein (P) 1 10.085*** 15.280*** .035 
Energy (E) 1 1.35 1.387 .002 
P X E 1 2.64* 1.300 .068 
Error 25 .379 .711 ,008 
*P<.05. 
***P<.005. 
Table B8. Experiment one mean squares for shank length and breast muscle and breast skin 
weights of toms killed at 12 and 20 weeks of age 
Mean squares 
12 Weeks of age 20 Weeks of age 
Source d.f. Shank 
length 
cm/kg 
Breast 
muscle 
% of 
body wt. 
Breast 
skin 
% of 
body wt. 
Shank 
length 
cm/kg 
Breast 
muscle 
% of 
body wt 
Breast 
skin 
% of 
body wt. 
Block 3 , .014 4.508* .022 .004 1.66 .042 
Protein (P) 1 .071 8.736* ,001 .0002 2.71 .279** 
Energy (E) 1 .008 4.682 .008 .004 .10 .028 
Fat (F) 1 .195* 2.384 .051* .019* .75 .001 
P X E 1 .003 1.240 .0006 ,-.002 .20 .033 
P X F 1 .018 .526 .017 .017 .63 .003 
E X F 1 .001 .681 .031 0 .11 .101 
P X E X E 1 .003 .719 .026 .013 1.82 .086 
Error 21 .025 1.485 .010 .004 1.38 .035 
*P<.05. 
**P<.01. 
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Table B9. Experiment one mean squares for liver, gizzard, intestine, 
and heart weights of toms killed at 6 weeks of age 
Source d.f. 
Mean squares 
% of body weight 
Liver Gizzard Intestine Heart 
Block 3 .004 .157 .028 .022* 
Protein (P) 1 1.011*** 3.199*** .307* .014 
Energy (E) 1 .071** .752* 1.021*** .012 
P X E 1 .033* .031 .203* .020 
Error 25 .008 .168 .050 .006 
*P<.05. 
**P<.01. 
***P<.005 
Table BIO. Experiment one mean squares for liver, gizzard, intestine, and heart weights of 
toms killed at 12 and 20 weeks of age 
Mean squares 
% of body weight 
Source d.f. 12 Weeks of age 20 Weeks of age 
Liver Gizzard Intestine Heart Liver Gizzard Intestine Heart 
Block 3 .018 .039 .173 .002 .019* .073* .038 .001 
Protein (P) 1 .031 .007 .039 .0007 .017 .045 .092 .001 
Energy (E) 1 .009 .004 .079 .002 .003 .016 .026 .0003 
Fat (F) 1 .008 .007 .471*** .0005 .041** .013 .025 .00005 
P X E 1 .008 .013 .123 0 .0003 .034 .089 .001 
P X F 1 .023 .058 .033 .002 .002 .029 .001 .003 
E X F 1 .005 .046 .276** .001 .007 .040 .125* .001 
P X E X F 1 .006 .050 .119 .002 0 .041 .005 .001 
Error 21 .010 .028 .031 .001 .004 .018 .029 .001 
*P<.05. 
**P<.01. 
***P<.005. 
Table Bll. Experiment two mean squares for body weight at 6 weeks of age, and feed consumption, 
feed consumption/body weight gain, protein consumption/body weight gain, and kcal 
metabolizable energy/body weight gain from 1 to 6 weeks of age 
Mean squares 
Source d.f. Body weight 
kg Feed, kg^ F/G^ p/of ME/G^ 
Block 3 .013*** .011 .066*** .001* 55.0*** 
Protein 3 1.068*** .716*** .431*** .012*** 3674.1*** 
Linear 1 3.113*** 2.10*** 1.118*** .034*** 9512.4*** 
Quadratic 1 .068*** .001 .176*** .002*** 1507.3*** 
Lack of fit 1 023*** .046 .001 0 0 
Error 25 .002 .005 .0005 .00005 4.5 
^Feed = feed consumption, kg/torn. 
^F/G = feed consumption/body weight gain. 
'^P/G = protein consumption/body weight gain. 
^ME/G = kcal metabolizable energy consumption/body weight gain. 
*P<.05. 
***P<.005. 
Table B12. Experiment two mean squares for body weight of toms at 8, 10, 12, 16, and 20 weeks 
of age 
Mean squares 
Source d.t. Body weight, kg OUUIuc 
8 weeks 10 weeks 12 weeks 16 weeks 20 weeks 
Block 3 .013 .033 .083* .056 .235 
Protein 3 1.423*** 1.682*** 1.817*** 1.301*** 1.390*** 
Linear 1 3.955*** 4.745*** 5.07*** 3.528*** 3.866*** 
Quadratic 1 .271*** .280*** .356*** .358* .303 
Lack of fit 1 .043* .021 .025 .017 .001 
Error 25 .008 .014 .024 .089 .087 
*P<.05. 
***P<.005. 
Table B13. Experiment two mean squares for feed consumption of toms from 6-8, 8-10, 10-12, 
12-16, and 16-20 weeks of age 
Mean squares 
Feed consumption, kg/torn 
6-8 weeks 8-10 weeks 10-12 weeks 12-16 weeks 16-20 weeks 
Block 3 .254 .080 .136* .108 .019 
Protein 3 .611*** .417*** .391*** .485 .144 
Linear 1 1.743*** .792*** 1.06*** 1.32* .165 
Quadratic 1 084*** .427** .0008 .026 .019 
Lack of fit 1 .006 .032 .112 .109 .248 
Error 25 .008 .052 .041 .229 .472 
*P<.05. 
**P<.01. 
***P<.005 
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Table B14. Experiment two mean squares for body weight gain, 
percentage relative weight gain, and feed/gain from 6 
to 20 weeks and feed/gain from 1 to 20 weeks 
Mean squares 
• 6-20 weeks 
Body Percentage '"-y 
weight relative f/g® r/o 
gain, weight 
kg gain/day 
Block 3 .165 .250* .002 .003 
Protein 3 .047 19.393*** .023* .002 
Linear 1 .041 54.153*** .065*** .001 
Quadratic 1 .083 3.773*** 0 .001 
Lack of fit 1 .018 .253 .004 .001 
Error 25 .085 .063 .007 .005 
®F/G = feed consumption/body weight gain. 
*P<.05. 
***P<.005. 
Table B15. Experiment two mean squares for feed costs from 1-6 weeks and 6-20 weeks, total 
days to market weight, and return above feed costs at constant age and constant 
weight 
Source 
Mean squares 
d.f. 
Feed costs, 
$/tom 
1-6 
weeks 
6-20 
weeks 
Total days 
to constant 
market 
weight 
Return above seed 
costs, $/tom 
Constant 
age 
Constant 
wei ght 
Block 3 .016 .523 20.32 12.53 12.50 
Protein 3 4.193*** 20.159*** 99.93*** 21.30*** 9.46 
Linear 1 12.490*** 60.040*** 283.05*** 42.96*** 10.03 
Quadratic 1 .049 .318 15.00 20.85* 9.60 
Lack of fit 1 .040 .118 1.74 .09 8.75 
Error 25 .006 1.404 7.45 4.79 4.81 
*P<.05. 
***P<.005. 
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Table B16. Experiment two mean squares for percent dry matter, crude 
protein, ether extract, and ash content of carcasses of 
toms killed at 6 weeks of age 
Mean squares 
Source d.f. Dry matter. Crude pro- Ether ex- Ash, 
% tein, % tract, % % 
Block 3 
Protei n 3 
Linear 1 
Quadratic 1 
Lack of fit 1 
Error 25 
.084 .343 
1.733*** .325 
5.119*** .761 
.169 .067 
.035 .156 
.257 .443 
.227 .021 
6.684*** .115 
18.648*** .008 
.227 .176 
1.110 .184 
.280 .191 
***P<.005. 
Table B17. Experiment two mean squares for percent dry matter, crude 
protein, ether extract, and ash content of carcasses of 
toms killed at 12 weeks of age 
Mean squares 
Source d.f. Dry matter. Crude pro- Ether ex- Ash, 
% tein, % tract, % % 
Block 3 .464 .095 .373 .121 
Protein 3 .917 .024 .482 .497 
Linear 1 1.337 .008 1.063 .296 
Quadratic 1 1.400 .015 .298 .190 
Lack of fit 1 .012 .048 .086 1.006 
Error 25 .511 .245 .723 .371 
194 
Table B18. Experiment two mean squares for percent dry matter, crude 
protein, ether extract, and ash content of carcasses of 
toms killed at 20 weeks of age 
Mean squares 
Source d.f. Dry matter. Crude pro- Ether ex- Ash, 
% tein, % tract, % % 
Block 3 3.052 1.873 5.826 .046 
Protein 3 1.856 .483 .822 .079 
Linear 1 .172 .774 .007 .016 
Quadratic 1 5.166 .143 .067 .058 
Lack of fit 1 .229 ,529 .390 .162 
Error 3.053 2.140 5.697 .100 
Table 819. Experiment two mean squares for chilled body weight, and 
percent drumsticks, wings, and back of toms killed at 6 
weeks of age 
Mean squares 
Source d.f. Chilled % of chilled body weight 
weight, kg Drumsticks Wings Back 
Block 3 21.98 .374 .393 .715 
Protein 3 650.68*** .893 .905 1.952 
Linear 1 1826.08*** .012 1.286 1.188 
Quadratic 1 121.47 .528 " .235 3.044 
Lack of fit 1 44.95 2.141* 1.194 1.624 
Error 25 52.89 .375 .976 .813 
*P<.05. 
***P<.005. 
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Table B20. Experiment two mean squares for percent breast weight of 
chilled body weight, and percent meat, skin, and bone of 
breast of toms killed at 6 weeks of age 
Source d.f. 
Mean squares 
Breast weight 
% of 
chilled weight Meat 
% of breast 
Skin Bone 
Block 3 
Protein 3 
Linear 1 
Quadratic 1 
Lack of fit 1 
Error 25 
3.29 
9.25*** 
21.41*** 
5.81* 
.53 
1.40 
16.24* 
13.52* 
20.51* 
19.78* 
.27 
3.97 
1.50* 
5.60*** 
12.67*** 
3.96** 
.16 
.48. 
2.35 
17.52 
19.14 
17.23 
16.20 
.77 
*P<.05. 
**P<.01. 
***P<.005. 
Table B21. Experiment two mean squares for percent thigh weight of 
chilled body weight, and percent meat, skin, and bone of 
thighs of toms killed at 6 weeks of age 
Source d.f. 
Mean squares 
Thigh weight 
% of 
chilled weight Meat 
% of thighs 
Skin Bone 
Block 
Protein 
Linear 
Quadratic 
Lack of fit 
Error 25 
1.02 2.22 .002 12.48 
1.50* 16,38*** .090*** 34.23 
1 2.87* 32.47*** .195*** 50.24 
1 .75 12.29* .063* 36.55 
1 .88 4.37 .012 15.90 
.46 2.18 .012 23.24 
*P<.05. 
***P<.005. 
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Table B22. Experiment two mean squares for chilled body weight, and 
percent drumsticks, wings, and back of toms killed at 12 
weeks of age 
Mean squares 
Source d.f. Chilled 
weight, kg 
% of chilled body weight 
Drumsticks Wings Back 
Block 3 80.92 .385* .210 3.096** 
Protein 3 1264.83*** .378* .092 .520 
Linear 1 2928.44*** .011 .005 1.525 
Quadratic 1 832.99* .006 .001 .034 
Lack of fit 1 33.07 .118*** .269 .0006 
Error 25 119.36 .112 .233 .674 
*P<.05. 
***P<.005. 
Table B23. Experiment two mean squares for percent breast weight 
of chilled body weight, and percent meat, skin, and bone 
of breast of toms killed at 12 weeks of age 
Source d.f. 
Mean squares 
Breast weight 
% of 
chilled weight 
% of breast 
Meat Skin Bone 
Block 3 
Protein 3 
Linear 1 
Quadratic 1 
Lack of fit 1 
Error 25 
3.46 
2.10 
.297 
.0002 
5.99* 
1.23 
7.07 
5.34 
15.40 
.59 
.04 
7.14 
2.28 
.33 
.42 
.009 
.57 
.81 
7.13 
.57 
1.43 
.05 
.21 
.96 
*P<.05. 
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Table B24. Experiment two mean squares for percent thigh weight of 
chilled body weight, and percent meat, skin, and bone of 
thighs of toms killed at 12 weeks of age 
Mean squares 
Source d.f. Thigh weight % of thighs 
% of 
chilled weight Meat Skin Bone 
Block 3 1.23 3.90* .181 2.23 
Protein 3 .02 2.03 .144 2.95 
Linear 1 .001 3. 42 .126 5. 33 
Quadratic 1 .05 2. 61 .147 3. 52 
Lack of fit 1 .001 05 .160 001 
Error 25 .12 1.23 .165 1.09 
*P<.05. 
Table B25. Experiment two mean squares for chilled body weights, and 
percent drumsticks, wings, and back of toms killed at 20 
weeks of age 
Mean squares 
Source d.-f. Chilled % of chilled body weight 
weight, kg Drumsticks Wings Backs 
Block 3 24.09 .303 .104 .107 
Protein 3 1050.80* .606* .474 1.543 
Linear 1 2825.05** .175 .285 1.61 
Quadratic 1 103.83 .632 .200 2.34 
Lack of fit 1 162.27 1.010* .936 .68 
Error 25 300.93 .171 .213 1.194 
*P<.05. 
**P<.01. 
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Table B26. Experiment two mean squares for breast weight of chilled 
body weight, and percent meat, skin, and bone of breast 
of toms killed at 20 weeks of age 
Source d.f. 
Mean squares 
Breast weight 
% of 
chilled weight 
% of breast 
Meat Skin Bone 
Block 3 
Protein 3 
Linear 1 
Quadratic 1 
Lack of fit 1 
Error 25 
2.45 
5.53* 
11.60* 
.05 
4.78 
1.32 
.90 
3.39 
2.04 
7.12 
.24 
3.73 
.191 
2.687 
1.024 
2.582 
.195 
1.404 
2.25 
1.39 
.037 
.206 
2.36 
1.33 
*P<.05. 
Table B27. Experiment two mean squares for percent thigh weight of 
chilled body weight, and percent meat, skin, and bone of 
thighs of toms killed at 20 weeks of age 
Mean squares 
Source d.f. Thigh weight % of thighs 
% of 
chilled weight Meat Skin Bone 
Block 3 .530 79.06 1.239 .505 
Protein 3 1.105 121.33 .679 2.369 
Linear 1 .206 15.52 .976 .861 
Quadratic 1 .329 25.94 .805 .944 
Lack of fit 1 .945 11.53 .257 5.301 
Error 25 .579 93.47 .631 .809 
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Table B28. Experiment two mean squares for liver, gizzard, intestine, 
and heart weight as a percentage of chilled body weight 
of toms killed at 6 weeks of age 
Mean squares 
Source d.f. % of chilled body weight 
Liver Gizzard Intestine Heart 
Block 3 .118 .194 .603 .011*** 
Protein 3 .370*** .245 .254 .003 
Linear 1 1.100*** .247 .477 .005 
Quadratic 1 .007 .003 .186 .004 
Lack of fit 1 .001 .485 .098 .0006 
Error 25 .051 .276 .270 .002 
***P<.005. 
Table B29. Experiment two mean squares for liver, gizzard, intestine, 
and heart weight as a percentage of chilled body weight of 
toms killed at 12 weeks of age 
Mean squares 
Source d.f. % of chilled body weight 
Liver Gizzard Intestine Heart 
Block 3 .019 .045 .057 .003 
Protein 3 .017 .058 .023 .006* 
Linear 1 .012 .115 .061 .016** 
Quadratic 1 .0002 .045 .006 .0003 
Lack of fit 1 .030 .014 .001 .003 
Error 25 .010 .034 .043 .002 
"P<.05. 
**P<.01. 
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Table B30. Experiment two mean squares for liver, gizzard, intestine, 
and heart weight as a percentage of chilled body weight of 
toms killed at 20 weeks of age 
Mean squares 
Source d.f. % of chilled body weight 
Liver Gizzard Intestine Heart 
Block 3 .045 .009 .012 .001 
Protein 3 .006 .021 .020 .005 
Linear 1 .006 .001 .014 .0003 
Quadratic 1 .012 .051 .006 .008 
Lack of fit 1 .0006 .002 .005 .001 
Error 25 .019 .020 .027 .002 
